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Eight field trials were conducted, two on Carum copticum 
Benth. (Syn. Trachyspermum ammi L. Sprague) i.e. Ajowain and 
three each on Lallemantia royleana Benth. i.e. Tukhm-e-balanga 
and Plantago ovata Forsk. i.e. Isubgol in 'rabi' (Winter) 
seasons of 1983-87. Six experiments were carried out at the 
mini drug farm of I.H.M.M.R., New Delhi and two at the agricu-
ltural farm of A.M.U. Aligarh. Of these. Experiments 1 and 
4 were on Ajowain, Experiments 2, 5 and 7 on Tukhm-e-balanga 
and Experiments 3, 6 and 8 on Isubgol. Experiments 1, 2, 3, 
6, 7 and 8 were conducted according to simple randomised block 
design. Experiments 4 and 5 on Ajowain and Tukhm-e-balanga 
respectively were based on factorial randomised block design. 
The aim of the first three trials (Experiments 1, 2 and 3) 
was to ascertain their adaptability to local conditions so 
as to select the optimum fertiliser NPK combinations for 
growth, yield and quality of three crops. Experiments 4 and 
5 were based on data of the earlier trials on Ajowain and 
Tukhm-e-balanga (Experiment 1 .and 2 respectively). For these. 
the design was kept factorial randomised so as to confirm 
earlier data and to obtain additional informations about the 
effect of the interactions of N with P. Experimkent 7 and 
8 were performed on Tukhm-e-balanga and Isubgol with the aim 
to ascertain if supplemental application of phsophorus 
could enhance the yield and quality of these crops and, if 
so, whether any economy of phosphatic fertilisers could be 
achieved by its foliar spray or top-dressing. The effect of 
these nutrients was observed on growth, yield and quality 
parameters of these crops. On statistical analysis, the data 
were mostly found significant and are summarised below: 
Experiment 1 (1983-84) 
Ten selected combinations of NPK (N^P._K.„, N_-P.„K.„, 
^^40^40^40' ^60^40^40' ^40^0^40' ^40^20^40' ^40^60^40' ^^40^40^0 
N._P..K_„ and N._P,-K^„) were applied on Ajowain to find out 
their effect on growth, yield and quality parameters (at full 
bloom stage and harvest). Of these treatment, N,„P.„K.„ (at 
par with N.^P^_K.„) was found optimum on the basis of seed 
and oil yield and oil content. 
Experiment 2 (1983-84) 
Like Ajowain (Experiment 1) this field trial on Tukhm-
e-balanga was also conducted to select the best out of the 
same ten selected NPK combination which were applied in 
Experiment 1 on Ajowain. The effect was assessed on growth 
(at full bloom stage) and yield and quality parameters (at 
harvest) to determine the optimal fertiliser dose. 
Among significant effects on growth parameters, treatment 
N.„P,QK.„ (at par with N.QP.QK.Q) proved optimum for most 
of the parameters, including growth, seed yield and quality 
(swelling factor). 
Experiment 3 (1983-84) 
This field trial on Isubgol was undertaken to find out 
the optimal fertiliser dose of NPK out of nine applied doses, 
v i 7 N P K N P K N P K N P K N P K 
v ± z . , INQ^QIXQ, ^''20 20 2 0 ' 20 20 4 0 ' 20 40 2 0 ' 20 40 4 0 ' 
^40^20^20' ^40^20^40' ^40^40^20 ^"^ ^40^40^40' ^^^ effects 
of these treatments were noted on growth (at full bloom stage) 
and yield and quality (at harvest). The effects were mostly 
found significant. Considering the entire data, ^40^40^40 
proved optimum. 
Experiment 4 (1984-85) 
This experiment on Ajowain was carried out on the basis of 
data of Experiment 1 in which N,„P.„K.„ proved optimum for most 
of the growth, yield and quality parameters. In Experiment 4, 
three doses each of basal nitrogen and phosphorus (20, 40 
and 60 kg/ha) were applied singly as well as in combination, 
keeping potassium uniform at 40 kg K/ha. The effect on the 
parameters studied earlier (Experiment 1) was considered 
as the basis of response of the crop. 
In over all view, N _, P.. and N,„ X ?.„ proved optimum, 
particularly on the basis of the parameters of economic 
importance, i.e. seed and oil yield. 
Experiment 5 (1984-85) 
This trial on Tukhm-e-balanga was laid out in the 
light of the data of Experiment 2 in which treatment N.„P,^K.j. 
proved optimum for most of the parameters. In Experiment 5, 
three doses each of nitrogen and phosphorus (40, 60 and 
80 kg/ha) were applied basally, keeping potassium uniform 
at 40 kg K/ha. The same parameters as selected in Experiment 2 
formed the basis of this study. On the basis of seed yield 
and quality, it was concluded that treatment N,„ X P^ r. was 
optimum for this crop. 
Experiment 6 (1984-85) 
This field trial on Isubgol was conducted in the 
light of the findings of Experiment 3, in which N..P.„K.„ 
proved best. In Experiment 6, keeping applied nitrogen 
and phosphorus uniform, potassium was applied at 
five levels between 0-80 kg K/ha. The same growth 
yield and quality parameters as were selected in 
Experiment 3 were considered. Most of the growth parameters 
were found maximum in K-^ (at par with K.» and K,_), whereas 
seed yield and quality and their contributing parameters 
were highest in K. „ (at par with K__). It may therefore, be 
concluded that K_„ (and K.„) proved equally efficient for 
Isubgol cultivation at New Delhi. 
Experiment 7 (1986-87) 
This experiment on Tukhm-e-balanga was carried out 
at Aligarh according to simple randomised block design to 
ascertain the enhancement, if any, in yield and quality by 
supplemental application of phosphorus by foliar spray or 
top-dressing. This experiment was conducted on the basis of 
previous two trials (Experiments 2 and 5) on Tukhm-e-balanga 
in which treatment, N.„P-„K.„ and N,„ X P.„ proved optimum. 
In Experiment 7, the treatments consisted of uniform basal 
dose of 60 kg N 20 kg K/ha whereas P was applied at 40 kg/ha 
in Control 1 (Bp.Q + F ) and 20 kg/ha in Control 2 (Bp2Q + F ) 
and in the remaining treatments, namely B _^ + Fp^, Bp_„ + Fp2,B 20"*" 
^P4' ^P20^'^P10 ^"^ ^P20^^P20' Treatment Bp2o + Fp2 proved optimum 
on the basis of data of growth, yield and quality parameters 
of Tukhm-e-balanga. 
Experiment 8 (1986-87) 
This field trial on Isubgol was also laid out at 
Aligarh on the same pattern as that of Experiment 7 to determine 
the effect of supplemental phosphorus application through 
foliar spray/top-dressing. As in Experiment 7, this was perfo-
rmed after analysing the data of the previous 'two trials 
(Experiments 3 and 6) on Isubgol. A total of seven combination 
of treatments were tried i.e. ^p.^ + F (Control 1), 620"^^^ 
(Control 2), Bp2o^Fpi. Bp2o+Fp2, Bp^Q+Fp^, Bp2o+Tp^o and 
Bp2Q + Tp2Q. A uniform basal dose of 20 kg N and 20 kg K/ha 
was applied. The same growth, yield and quality parameters 
were studied as were selected in Experiments 3 and 6. The 
effects of these treatments were mostly found significant 
on the growth, yield and quality parameters of this crop. 
Foliar spray of 2 kg P/ha enhanced growth as also seed yield 
and quality most. 
To conclude, the author wishes to claim that new and 
original contributions to the knowledge of scientific culti-
vation, growth, development, yield and quality improvement 
of Carum copticum, Lallemantia royleana and Plantago ovata 
have been presented in this thesis. The salient features 
of the additions to our knowledge are condensed below crop-
wise: 
I Carum copticum (Ajowain) 
1. Ajowain showed luxuriant growth in the New Delhi region, 
2. Sowing it as a rabi (winter) crop on 24th October, 
at the rate of 5 kg seeds/ha and applying 60 kg nitrogen, 
40 kg phosphorus and 40 kg potassium/ha (N-„P.„K._) 
basally at sowing, proved optimum for the crop. These 
results may, therefore, be considered for being reco-
mmended to local farmers. 
II Lallemantia royleana (Tulchm-e-balanga) 
3. L. royleana was also observed to grow luxuriantly in 
New Delhi and Aligarh region (western Uttar Pradesh) 
for the first time. To the best of knowledge of the 
present author, it is the first attempt to cultivate 
the plant on scientific lines. This pioneer work, there-
fore, merits recognition. 
4. Treatment N.„P,f,K.„ being at par with N,„P.„K.„, proved 
40 60 40 ^ ^ DO 40 40 "^  
optimum for the agro-climate of New Delhi for almost 
all the parameters including seed yield and swelling 
factor. In the foliar trial conducted at Aligarh, spray 
of 2 - kg P/ha proved most beneficial in the presence 
of 60 kg N, 20 kg P and 20 kg K/ha (Bj^ 6o + P20 + K20 ^  applied 
basally at the time of' sowing. This substantial economy 
of phosphatic fertiliser (18 kg P/ha), coupled with 
enhanced seed yield and quality, is expected to be 
welcome both to the farmers and consumers. 
III Plantago ovata Forsk. (Isubgol) 
5. £. ovata was cultivated for the first time in New Delhi. 
It was also found to thrive very well in New Delhi 
(as well as at Aligarh where it has already been intro-
duced). Treatment N.„P.„K.„ proved best at New Delhi 
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for ensuring highest seed yield and quality. 
6. Because of the low potassium status of New Delhi soil, 
application of 40 kg K/ha (plus 40 kg N and 40 kg P/ha) 
proved highly beneficial for this crop, although K 
is not generally recommended by other workers. In 
view of the balanced nutritional requirement of plants, 
it is, therefore, considered essential that the 
potassium status of the soil be checked before sowing 
the crop and the nutrient be applied in low K soils 
to ensure maximum returns. 
7. Foliar spray of 2 kg P/ha on plants grown at Aligarh 
with 20 kg N, 20 kg P and 20 kg K/ha applied bassally 
at sowing (B-,_„ -.^ ^ rror,) proved optimum for the crop 
^ N20 + P20 + K20 f f ir-
particularly from the point of view of seed yield and 
swelling factor. This would result in a net saving 
of at least 18 kg P/ha as in the case of L. royleana 
noted above. 
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CHAPTER 1 
I N T R O D U C T I O N 
Chapter 1 
Introduction 
The importance of herbs for curing various ailments 
has been realised by mankind ever since the dawn of civilisa-
tion. Different systems of medicine evolved in various countries 
of the world during the past centuries depend more on plants 
than oh other natural sources. Being efficacious, cheap and 
generally free from unwanted side effects, herbal drugs are 
the most popular among members of the Third World even today. 
In this, they compete favourably in these countries even with 
allopathy, undoubtedly the most scientific system of medicine. 
In India, where recorded history of indigenous medicine 
dates back to more than twenty five centuries, herbal drugs 
form the basis of several systems, including Ayurveda, Siddha, 
Unani and Homoeopathy. Many of these plants yield valuable 
compounds that are utilised in the modern allopathic system. 
The climate of our country is so varied that it provides natural 
habitat for almost all kinds of plants grown anywhere in the 
world. It is no wonder, therefore, that about two third of 
the known herbal drugs of the world are found growing in one 
or the other part of India and she provides favourable agro-
climates for the introduction and production of the remaining 
plants as well. 
However, the efficacy of a drug depends admittedly 
on its purity. Of late, the quality of many herbal drugs 
available in the market has not remained as high as desired. 
Even authenticity and genuineness is doubtful in increasing 
number of cases for various reasons. It is, therefore, highly-
desirable to adopt measures to stop this trend. One of these 
is to cultivate these plants on scientific lines not only 
to ensure their steady supply but also to try and improve 
their yield and quality. 
During the last decade or so, a successful attempt has 
been made in this direction at Aligarh. The cultural pactices 
and fertiliser requirements of a number of important medicinal 
and aromatic plants have been standardised. These include 
species of Anethum, Cassia, Cichorium, Cymbopogon, Datura, 
Foeniculum, Linum and Solanum. 
-Being fascinated by the diverse aspects of medicinal 
herbs and encouraged by the Hamdard (Wakf), New Delhi, a lead-
ing pharmaceutical firm of India dealing in Unani medicine, 
the present author decided to perform some fertiliser trials 
at New Delhi and Aligarh selecting three important medicinal 
plants on which hardly any work has been done so far, particu-
larly under the agro-climate of this region. These include 
Ajowain (Carum copticum), Tukhm-e-balanga (Lallemantia royleana) 
and Isubgol (Plantago ovata). The medicinal (and other) 
properties of these plants are given later (p.22, 30 and 34). 
In all, the following eight field trials were undertaken. 
the first six at New Delhi and the last two at Aligarh. 
Experiments 1, 2 and 3 on Ajowain, Tukhm-e-balanga and 
Isubgol respectively were performed according to simple rando-
mised block design. The aim of the field trial was to ascertain 
their adaptability to local conditions and to select the optimum 
NPK combination for growth, yield and quality of these three 
plants. 
Experiments 4 and 5 were planned on Ajowain and Tukhm-
e-balanga respectively. Based on the data of the earlier trials 
on these two crops (Experiments 1 and 2), the design of the 
experiments was kept factorial randomised so as to obtain 
additional information about the effect of individual nutrients 
as well as of their interaction. In these trials, potassium 
was applied uniformly and nitrogen and phosphorus were varied 
around their optimum requirements established in the earlier 
trials. 
Experiment 6 on Isubgol was planned to determine the 
necessity or otherwise of applying potassium to the soil as 
most workers do not recommend it for the cultivation of this 
crop. Keeping applied nitrogen and phosphorus uniform, potassium 
was applied at various levels between 0 and 80 kg per hectare 
according to simple randomised block design to determine its 
actual requirement by Isubgol. 
Experiments 7 and 8 were performed on Tukhm-e-balanga 
and Isubgol respectively according to simple randomised block 
design. The aim of the experiment was to ascertain if supple-
mental application of phosphorus could enhance the yield and 
quality of Tukhm-e-balanga and Isubgol and', if so, whether 
any economy of phosphatic fertiliser could be achieved by 
its foliar spray, applying a sub-optimal basal dose. 
The results of the eight field trials were subjected 
to proper statistical analysis. Significant data, discussed 
in the light of the results of other workers are presented 
in this thesis. 
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Chapter 2 
Review of Literature 
2.1 Fertiliser application 
As we go back into the history of fertiliser applica-
tion, we find it to be an age old practice. In the earlier 
days, people had a general concept that the entire nutritional 
requirements of plant could be fulfilled by adding organic 
fertilisers (farm yard manure, green manure, night soil, bone 
meal, wood ash, fish manure and other materials) to the field 
before sowing the seeds. Bould (1963) reported that the Romans 
believed that the application of manures was essential for 
plant growth. This was ultimately accepted as the "Humus Theory". 
However, the regular and systematic use of these fertilisers 
dates back to a few centuries only. The Raman era was considered 
most fascinating from the point of view of agricultural 
literature. Most of this was condensed into one treatise, about 
the year 1,240 A.D. by Crescentius. This was considered the 
best writing on agriculture for many generations (Russell, 
1950). 
2.2 Mineral nutrition 
Modern experimental work on plant nutrition was 
developed gradually with the advancement of science. Attention 
towards the essentiality of inorganic nutrients was drawn later 
with the rapid development in inorganic chemistry in 17th 
and 18th century. Thus, Von Helmont in 1600 was perhaps the 
first in the early seventeenth century, to conduct quanti-
tative experiments in plant nutrition and to investigate 
the sources of plant materials of which it is composed. These 
pioneer efforts were followed by the works of Glauber in 
1656, Tull in 1731 and Home in 1756. Woodward (1699 ) found 
that plants grow better in water containing dissolved minerals 
compared to distilled or rain water, de Sassure (1804) did 
the first chemical analysis of the soil and correlated it 
with the mineral analysis of the plants that thrived well 
in it. These findings were confirmed by the investigation 
on similar lines by other workers in later years. Thus, 
Sprengel in 1839 emphasised the importance of nutrient elements 
absorbed by plants. Leibig in 1840 emphasised the importance 
of phosphatic fertiliser for crop production. Boussingault 
in 1856 and Pugh, Lawes and Gilbert in 1861 put forward similar 
views. Thus, by about the middle of the last century, the 
essential macronutrients were established and accepted univer-
sally. Sachs in 1861 and Knop in 1861 prepared a solution 
of mineral salts of iron, nitrogen, phosphorus, potassium, 
calcium, magnesium and sulphur and evolved a technique which 
is still prevalent and is named as "Water or Solution Culture". 
They grew plants to maturity in these nutrient solutions. 
In the present century, work on micro-nutrients or trace 
elements was carried on during the first half along with 
that on crop nutrition in general and refinement of techniques 
for analysis in particular. Among the modern workers who 
have made notable contribution in the field of plant nutrition, 
the names of Hoagland (1944), Lundergardh (1947, 1951), 
Russell (1950), Stiles (1961), Hewitt (1966), Gauch (1972) 
and Epstein (1978) may be mentioned. 
2.3 Physiological roles of nitrogen, phosphorus and potassium 
The nutrient elements that are required and consumed 
by plants in large quantities were the first to be discovered 
as essential for plants (p. 6 )• Among these, nitrogen, phos-
phorus and potassium have been given more attention as they 
are normally removed in largest amounts by crops and have 
to be supplied before each sowing to maintain the fertility 
level of the soil. Their metabolic and regulatory roles in 
plants are well recognised (Nason and McElroy, 1963; Gauch, 
1972) and are briefly discussed below: 
2.3.1 Nitrogen 
Nitrogen as an element is found abundantly in the 
atmosphere (about 80%). It is mainly absorbed by the plant 
as nitrate and is reduced and incorporated into organic com-
pounds (Bandurski, 1965; Beevers and Hageman, 1969). It is 
responsible for vegetative growth, development and metabolism 
of the plant (McKee, 1962). Nitrogen is a constituent of 
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all the proteins and of protoplasm itself. Its deficiency 
causes several abnormalities, mainly retarted growth and 
development of root and shoot, yellowish and pale green leaves, 
premature seed setting and decreased seed yield and quality. 
Its deficiency inhibits cell division and cell expension 
(Hewitt, 1963), while its excess causes leathery;, dark green 
leaves and succulent growth which makes plants more susceptible 
to disease. Nitrogen is an integral constituent of amino-
acids, peptides, nucleosides, nucleotides, proteins, enzymes, 
co-enzyme, purines, pyrimidines, chlorophylls, vitamins, 
porphyrins^ alkaloids and several growth hormones. It is, 
thus, well accepted that nitrogen plays an important and 
key role in almost all the metabolic reactions inside the 
plant cell which are essential for the growth and development 
of the plant itself (Devlin and Witham, 1986; Salisbury and 
Ross, 1986). 
2.3.2 Phosphorus 
Phosphorus is not as abundantly found as nitrogen 
or potassium. It is generally present in the soil in fixed 
form as organic and inorganic molecules and is absorbed by 
plants as monovalent (H_PO. ) or divalent (HPO. ) anions. 
Like nitrogen, phosphorus has great importance for plant 
growth and development. Phosphorus is an essential and major 
constituent of several important molecules inside the plant 
cells and is a structural part of the plant body. Several 
metabolites, like sugar esters and their derivatives, phospho-
lipids, nucleosides, nucleotides, nucleic acids, nucleo-
proteins, phytin and co-enzymes (Nason and McElroy, 19 63; 
Evans and Sorger, 1966; Gauch, 1972; Epstein, 1978; Devlin, 
1981; Salisbury and Ross, 1986). Phosphorus plays a key role 
in energy transfer, respiration, photosynthesis and other 
important pathways through the energy rich bonds of adenosine 
triphosphate (ATP) and similar compounds (Devlin and Witham, 
1986). These include AMP, ADP, NAD, NADP, FAD, and TPP, which 
are responsible for many biochemical reactions in the cell. 
Phosphorus also plays a role in cell division and heredity, 
because it is a part of nucleic acids and nucleoproteins. 
Hewitt (1963) noted that phosphorus is "actually involved 
in practically every synthetic react;Lon of the cell". 
Phosphorus" ensures health and vigour for the plant 
and provides resistance against disease and other stresses. 
It encourages the development of roots, tillers, and leaves 
and helps in the emergence of new buds and in early maturity 
and ripening of seeds and fruits. 
Its deficiency causes several abnormal symptoms in 
plants, like retardation of growth and increased anthocyanin 
pigments which leads to colour change of leaves (Russel, 
1950; Bould, 1963; Hewitt, 1963; Devlin and Witham, 1986). 
Phosphorus is, thus, involved intimately in both vegetative 
and reproductive phases of the life cycle of plants. . 
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2.3.3 Potassium 
Potassium is the only monovalent cation essential 
for the plants. It is abundantly found in non-exchangeable 
(fixed) form, exchangeable and in soluble form in the soil. 
Being easily removed in large quantities by crops, it should 
be supplied to replenish the soil to ensure good yield of 
subsequent crops. Potassium,unlike nitrogen and phosphorus, 
does not form a stable structural part of any molecule inside 
the plant cell or in its body. But it is abundantly present 
in soluble form in cytoplasm and also in the vacuolar sap. 
It is essential for translocation of solutes. The uptake 
of certain other elements by plant roots and their subsequent 
distribution is also related to the potassium status of both 
soil as well as plant (Curtis and Clark, 1950). It is involved 
in maintaining cellular turgor pressure and, through it, 
in the opening and closing of stomata (Humble and Hsiao, 
1969; Raschke, 1975, 1979; Beringer, 1982; Willmer, 1983), 
besides activating at least 50 enzymes, which play a key 
role in many metabolic and biochemical reactions (Nason and 
McElroy, 1963; Evans and Sorger, 1966). Thus, Potassium acti-
vates the enzymes that synthesise peptide bonds and, thereby, 
increase the incorporation of amino acids into proteins 
(Webster, 1953, 1956). Potassium enhances the plants' ability 
to withstand disease, drought, cold, insect attack and other 
stresses and adverse conditions. Potassium deficiency in 
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plants results in several prominent symptoms, like marginal 
scorching of leaves which in later stages extends to inter-
veinal region and finally to the whole lamina. Its deficiency 
causes the disturbance in carbohydrate and nitrogen 
metabolism, photosynthesis and respiration (Nason and McElroy, 
1963). Its deficiency also causes hindrance in translocation 
of photosynthates from leaves to other portions of sugarcane 
plant (Hartt, 1969). The electro-osmosis theory of transloca-
tion of materials totally depends on the potassium ions, 
which move frequently across the sieve plate (Salisbury and 
Ross, 1986). 
2.4 Foliar nutrition 
Fertiliser application is a recent technique to provide 
essential nutrients to the plant through its aerial parts. 
This is also called "non-root feeding" or "foliar feeding". 
It is an economical and efficient method of fertiliser appli-
caption by which the required quantity of minerals can be 
supplied to the plants through its leaves in form of dilute 
aqueous solution. Much of the fertilisers supplied to field 
at sowing doesnot remain readily available to the plant at 
later stages of growth. Recent studies have shown that of 
the total amount of soil-applied nitrogen only 50% remains 
available as the plants grow (Anonymous, 1971). Similarly, 
only 30% of the basally applied phosphorus is absorbed by 
plants (Russell, 1950), and therefore much of this costly 
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input remains unavailable to the plants, particularly when 
flowers and fruits are formed when the nutrient is required 
most (p 13 ). On the other hand, most of the leaf-applied 
nutrients are readily absorbed through this organ and are, 
thus, available to the plants at their site of action. The 
technique saves time taken in translocation from the root 
to the shoot. It is becoming a highly popular practice these 
days because of availability of highly soluble fertilisers, 
efficient machinery for spray, including air-craft for large 
scale application and quick response. The cost of application 
is nominal as it normally forms part of pesticide and or 
weedicide application. 
The technique of foliar nutrition is not new. Bould 
(1963) noted that Forsyth used it, for the first time in 
1803, while the first published report on foliar absorption 
of mineral elements has been credited by Wittwer and Tuebner 
(1959) to Gris (1844). Later, some work was done in the 19th 
century by Mayer (1874) and Bohm (1877), among others. Foliar 
nutrition is an effective means of applying supplemental 
nutrients during critical growth periods, when basal applica-
tion to standing crop may either not be feasible or may not 
be beneficial. It is also very successful in areas where 
nutrient uptake from soil is very poor due to adverse soil 
conditions (Silberstein and Wittwer, 1951; Thorne and Watson, 
1953; Thorne, 1954; Fisher and Walker, 1955; Halliday, 1961; 
Wittwer et al. , 1963,* Panikar and Raghunath, 1974). Some 
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of the crops, like sugarcane, consume large quantities of 
nutrients from the soil in the early phase of their life 
cycle and, therefore, they require more nutrients for good 
yield. However, at this final phase basal feeding by top-
dressing is not conducive, while foliar nutrition is very 
convenient, successful and effective (Boynton, 1954). The 
technique is also recommended for hilly-regions and for water-
lodgged, sandy (porous), highly alkaline and acidic soils. 
Further, in dry land (rain-fed) agriculture, where high doses 
of fertilisers are harmful becausettey cause ex-osmosis from 
the roots, foliar nutrition is successful (Anonymous, 1971; 
Parthasarthy, 1972; Anonymous, 1973; Panikar and Raghunath, 
1974). 
To mention only a few selected pioneers who did comme-
ndable research work in the field of foliar nutrition, mention 
may be made of Silberstein and Wittwer (1951), Mayberry (1951), 
Montelaro et^  al. (1953); Boynton (1954) and Tukey (1956) 
in the U.S.A. on vegetable crops and fruit trees; Burr ejt 
al. (1956) in the Hawaii Islands of U.S.A. on sugarcane; 
Thorne and Watson (1953) in England on vegetable crops and 
Klechovski (1956) in the U.S.S.R. on sugarbeet. 
During the last two decades, considerable work on 
foliar nutrition has been done at Aligarh (India) by Afridi 
and his associates. Afridi and Samiullah (1973); Samiullah 
and Afridi (1975) and Qaseem et_ al. (1978) worked on barley, 
Khalique (1975) on barley, maize and lettuce. Afridi et al. 
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(1978a); Parvaiz (1980); Afridi et^ aJ.. (1983b); Mohammad 
et al. (1983); Mohammad (1984); Samiullah e;t al. (1985) on 
mustard and Inam (1978); Alvi (1984) and Ashfaq (1986), 
on triticale and Varshney (1983) on lemongrass, Akhtar (1985)oli 
moong and lentil and Noor (1986) on radish and turnip. They 
investigated and established the best combination of various 
spray nutrients, including N, P and S, and proper stage of 
growth for their application to optimise yield and quality 
of various crops. 
However, it may be admitted that work on the foliar 
nutrition of medicinal plants is meagre as is borne out from 
the brief review of publications given in the following pages. 
Bains et_ al. (1977) conducted an experiment for two 
years on Mentha arvensis L. at Ludhiana (Punjab) to find 
out the comparative effect of nitrogen applied conventionally 
through the soil and by foliar spray. They noted that in 
both years, soil-applied nitrogen (75 kg N and 150 kg N/ha) 
proved superior as it enhanced herb yield, while, in the 
second year, the herb yield was infact adversely affected 
by the higher spray nitrogen dose (150 kg N/ha). 
Singh and Sharma (19 77) carried out an experiment 
on henbane (Hyoscyamus muticus L. ) seedlings at Jammu (Jammu 
& Kashmir) to see the effect of an aqueous solution of urea, 
applied through foliar spray. They concluded that foli^ar 
application of nutrient greatly enhanced the growth of 8 
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weeks old seedlings of henbane. 
At Cairo (Egypt), an experiment on ajowain (Carum 
copticum L. ) was conducted by Haggag and Hilal (1978). They 
noted negative response to phosphorus when applied in different 
doses as basal and foliar in the form of calcium superphos-
phate. They concluded that there were no significant increase 
in the seed yield and essential oil content. 
A foliar spray experiment was conducted at Lucknow 
(Uttar Pradesh) by Mohan and Sharma (1978) on late planted 
Japanese mint (Mentha arvensis L. sub-sp. haplocalyx var. 
pioerescens) . They observed that the essential oil yield 
increased effectively when 3% urea solution was applied by 
foliar spray, at regular intervals of 15 days. They suggested 
that foliar feeding "is a better method to get higher oil 
yield. 
Pardotra ejt aJ.. (1978) carried out an experiment 
at Jammu-Tawi (Jammu and Kashmir) to study the effect of 
foliar spray of 'Navras' on rye plants in relation to the 
yield of ergot (Claviceps purpurea L.). Navras, which has 
9% each of N, PnOr ^nd K_0 in addition to other nutrients, 
was sprayed on the rye crop at three different stages. They 
concluded that there is progressive increase in ergot yield 
with successive increase in the frequency of sprays upto 
three. 
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An experiment on fenugreek (Trigonella foenum-graecum 
L. ) was conducted by Lawande et^ al. (1980) to investigate 
the effect of foliar application of urea on its yield. Five 
concentrations of urea (0.25, 0.50, 1.0, 1.25 and 1.50%) were 
taken. Among these, 0.25% urea spray gave the highest yield. 
Further increase in the concentration gradually decreased 
the yield of fenugreek. 
At Kodaikanal (Tamil Nadu) an experiment on geranium 
(Pelargonium graveolens L. Merit) was conducted by Mohandas 
et al. (1980) to study the effect of leaf-applied nitrogenous 
fertiliser. They reported that 30 kg N/ha (15 kg applied as 
basal + 15 kg in two foliar sprays in the form of 1% urea 
solution, 45 and 90 days after basal application) gave maximum 
increase in herbage yield (51.8% higher than control) and 
oil content (62.5% higher than" control). -It was also noted 
that this treatment improved oil quality also, 3.9% more 
geraniol content being obtained through foliar feeding. 
Two field trials were carried out at Delhi in tfe crop 
season of 1977-78 and 1978-79 by Ramanathan (1981) on two 
varieties of opium poppy (Papaver somniferum L. ) to study 
the effect of Special Foliar Fertiliser (SFF), containing 
NPKS as Urea, KH2P0^ and K2S0^ at 12% N, 6% P2O5' ^^ ^2© and 
0.5% S. He reported that spray of SFF on the two varieties 
viz. 'Dhawla Bada' and 'Dhawla Chota' at three stages: 
(i) 15 days before flowering (ii) 15 days before flowering 
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plus immediately after flowering and (iii) immediately after 
flowering, had the following effects. SFF spray immediately 
after flowering on variety 'Dhawla Chota' in 1977-78, gave 
higher yield (100 kg/ha of opium and 8.9 6 kg/ha of morphine). 
In the successive crop season of 1978-79, an increase of 69.8 
kg/ha of opium and 6.23 kg/ha of morphine was noted. The 
response to SFF in relation to yield of opium and morphine 
per unit area was significant. However, the extent to which 
P, K and S in SFF individually helps in increasing the yield 
could not be assured. The findings, however, established that 
SFF spray had superior effect than urea alone. 
A field trial was conducted at New Delhi by Turkhede 
et al. (1981) to investigate the effect of the rate, timing 
and methods of nitrogen application on the yield and quality 
of opium poppy (Papaver somniferum L.). Nitrogen,, applied 
half at sowing and the remaining half at rosette stage either 
through soil or through the^leaves showed improvement in seed 
yield and quality of plant (morphine and codine increased 
in opium) in all the seventeen treatments, including the 
combination of 2 rates of nitrogen (50 and 100 kg N/ha) and 
8 timings of soil application and one control (NQ ) • 
At Aligarh (Uttar Pradesh), Varshney (1983) conducted 
a factorial randomised experiment to study the effect on growth, 
herbage yield, essential oil yield, oil content and oil quality 
of lemongrass (Cymbopogon flexuosus L. var. flexuosus)of leaf-
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applied nitrogen viz., 5, 10 and 15 kg N/ha and phosphorus 
viz. 2, 4 and 6 kg P_Op-/ha (sub-plots) at two basal levels 
of nitrogen and phosphorus consisting of 300 kg N plus 150 kg 
P^Oc/ha and 150 kg N plus 75 kg P_0(-/ha (main-plots). A uniform 
basal dose of 160 kg K^O/ha was also applied to each plot. 
Among the two basal levels 300 kg N plus 150 kg P-,0^  proved 
better than 150 kg N plus 75 kg P-,Oc for most of the yield 
and quality parameters. Among the spray treatments, combined 
spray of nitrogen and phosphorus proved superior to that of 
either nutrient alone, with 10 kg N + 2 kg P_0(./ha proving 
optimum. While, considering the interaction effects, the dose 
of 10 kg N + 2 kg P_Oi-/ha among spray treatment proved optimum 
for most of the parameters at each of the two basal doses. 
The brief review on foliar-fertilisation presented above clearly 
indicates that in general basal fertiliser application could 
be supplemented profitably even at later stages of the life 
cycle of the plants in the case of a few medicinal plants, 
whereas other means of nutrients application did not prove 
feasible. However, it is noteworthy that scientific work on 
foliar spray of nutrients on these plants is patchy and Tukhm-
e-blanga (Lallemantia royleana Benth.) and Isubgol (Plantago 
ovata forsk.) seem to have been totally ignored in the studies 
undertaken, particularly under Indian conditions. 
2.5 Medicinal and aromatic plants 
Indian knowledge about medicinal and aromatic plants 
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could be traced back to Rigveda, written between 4,500 and 
1,600 B.C. The real foundation of the indigenous system of 
medicine was, however, laid in Ayurveda (2500-600 B.C.). In 
the regime of Lord Budha (563-483 B.C.), a lot of systematic 
work was done on hundreds of medicinal plants. 
The cultivation of medicinal and aromatic plants, 
like other plants, is an old practice because these plants 
were in use by man as medicine and for other purposes for 
a very long time. But the cultivation of these plants on modern 
scientific lines has been carried out only during the present 
century by governmental agencies and private pharmaceutical 
and allied industries in western countries. An organisation 
named "Plant Introduction Service" was established in 1903 
in the United States of America. Similar organisations were 
later formed in other European countries. Due to topographical 
diversifications and suitable climatic conditions^ India has 
an edge in the cultivation and production of medicinal and 
aromatic plants over other countries. Thus, India has led 
in world trade of some of these plants. This has proved a 
good source of foreign exchange earnings for the country. 
After independence, the Government of India gave special atten-
tion towards the demand and supply position of medicinal and 
aromatic plants. A programme to boost their production, as 
per the recommendation of scientific expert committee was 
taken up. For this purpose several institutions, councils 
and laboratories were established, which took the respon-
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sibilities of research work on cultivation; quality control; 
selection^ introduction and breeding . of new high yielding 
varieties. The Central Council for Research in Indian Medicine 
and Homoeopathy (C.C.R.I.M.H.), was formed, which was later 
divided into Central Council for Research in Unani Medicine 
(C.C.R.U.M.), Central Council for Research in Ayurved and 
Sidha (C.C.R.A.S.) Central Council for Research in Yoga and 
Naturopathy (C.C.R.Y.N.) and Central Council for Research 
in Homoeopathy (C.C.R.H.). Besides, several regional research 
laboratories (R.R.L.) such as those at Bhubeneshwar (Orissa), 
Jammu-Tawi (Jammu & Kashmir)& Jorhat (Assam) were established. 
The other institutions established for work on similar lines 
were Central Institute of Medicinal and Aromatic Plants 
(C.I.M.A.P, ) , Central Drug Research Institute (CD.R.I.) and 
Natioal Botanical Research Laboratory (N.B.R.I.) all located 
at Lucknow' (U.P.). The Institute of History of Medicine and 
Medical Research (I.H.M.M.R.) at New Delhi was also established 
with the same motives. Several research groups in traditional 
and agricultural universities and research institutes are 
currently active in the fields of phytochemistry, breeding, 
cultivation and other aspects of medicinal and aromatic plants 
and it is heartening to note that industry is also becoming 
increasingly aware of the importance of such research activity 
and R & D wings are being established in many progressive 
concerns. 
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2.6 Carum copticum Benth. 
Trachyspermum ammi (Synonym. Carum copticum Benth.)/ 
popularly known as Ajowain, belongs to the family Umbelliferae 
and is cultivated in the states of Andhra Pradesh, Bengal, 
Bihar, Gujarat, Madhya Pradesh, Maharashtra, Punjab, Rajasthan, 
Uttar Pradesh and Tamil Nadu. Besides the Indian subcontinent, 
it is grown in Afghanistan, Egypt, Iran and some countries 
of Europe (Anonymous, 1976). It is believed to be indigenous 
to Egypt and brought to Europe in the middle of the 16th century. 
It was put to medicinal trial in London towards the encj of 
the 17th century (Bhargava and Haksar, 1962). It was also 
grown experimentally in Seychelles Islands and in Montserrat 
(Ashby, 1941). 
In India, the crop is grown in the plains during the 
"rabi" season" under irrigation, in heavy soils. It is also 
grown as a rainfed crop, specially in some parts of Rajasthan. 
It can be cultivated even in very poor soil and can tolerate 
considerable moisture stress (Sri Rama Rao, 1986). Thus, Ajowain 
is grown in all types of soils but the most suited soils are 
loams to clayey loams. However, the cultivation practices 
of this plant differ from region to region, mainly due to 
topographical variations. The sowing lasts from September to 
November in well ploughed and heavily manured soil and germina-
tion takes 5-15 days. A light irrigation and two weedings, 
throughout the life cycle of the plant are considered sufficient, 
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The harvesting period, which also differs from region to region, 
starts from March and lasts until May. However, in areas of 
Andhra Pradesh , Gujarat, Madhya Pradesh, Maharashtra and 
Mysore, where it is cultivated as a dry land crop, sowing 
starts in June-July and the fruits are harvested in December-
January. Ajowain has medicinal as well as economic importance. 
The seeds (fruits) are used as condiments in the preparation 
of different food item and as flavouring and preservative 
agent. The seeds are also used, either mixed with "pan-supari" 
or alone, as masticatory (Krishna and Bhadhwar, 1953). The 
medicinal uses of the seeds are in the treatments of .flatulence, 
indigestion, colic, atonic dyspepsia and diarrhoea. It is 
also used as a carminative, stimulant, tonic, antispasmodic 
and expectorant (Rao, 1962; Kirtikar and Basu, 1975) and is 
often recommended in cholera, skin diseases and by veterinary 
practitioners in diseases of horses and cows (Bhargava and 
Haksar, 1962). The seeds are externally used in rheumatic 
and neuralgic pains and also in cough and stomach pain. It 
also provides relief in asthama and bronchitis (Tandon and 
Gupta, 1955). 
The seeds, from which an essential oil (in the range 
of 3-4%) is separated by steam distillation, have not only 
medicinal value but are also used industrially in pharmaceutical, 
cosmetic and perfumery preparations. The importance of Ajowain 
oil is due to the presence of thymol (35-60%). The literature 
shows that seeds obtained from Seychelles contain upto 9% 
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essential oil but less percentage (about 38%) of thymol (Krishna 
and Bhadhwar, 1953). Thymol has vast uses in various industrial 
products. Thymol, crystallises out of the essential oil easily 
and is sold in the Indian market as "Ajowain-Ka-Phool" (flower 
of Ajowain). It is used as a constituent of some brands of 
toothpaste (Krishna and Bhadhwar, 1953). In the earlier part 
of this century, large quantities of seeds were exported to 
Europe, specially Britain and Germany to produce thymol. Germany 
has a flourishing thymol industry and even produces synthetic 
thymol which, being cheaper, has, however, discouraged the 
use of natural thymol. India has been major source of supply 
of Ajowain and thymol throughout the British Empire (now Commo-
nwealth) which was temporarily interrupted by World War I but 
was later rejuvenated (Anonymous, 1916). Other plants whose 
oil abounds in thymol are: Thymus vulgaris L., Ocimum gratissimum 
Linn., 0. viride Willd. and Monarda stricta L. Wooton. The 
oil of Ajowain, is used in our country in pure or dethymolised 
form as an antiseptic and aromatic carminative, in the treatment 
of nasal catarrh and skin diseases and anthelmintic and occa-
sionally in the soap industry. The water, which is left over 
after essential oil and thymol distillation is used as carmina-
tive for children and is called as "Omum". The exhausted seeds 
are used as cattle feed (Krishna and Bhadhwar, 1953). 
Although Ajowain is used effectively in all systems 
of medicine in our country and abroad, its cultivation is 
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undertaken mostly on traditional lines. Hardly any detailed 
information about its modern scientific cultivation is available 
as is evident from the review of literature on this plant 
presented in the following few pages. It is also brought out 
clearly that several important and essential aspects of culti-
vation have been left out. It, therefore, seems desirable 
that the lacunae be filled up so as to get the highest yields 
of best quality seeds by exploiting the genetic potential 
of the crop upto the maximum extent under suitable environmental 
conditions. This is expected to meet not only our indigenous 
demand but also to produce enough to earn additional foreign 
exchange. 
In a review on aromatic plants. Krishna and Bhadhwar 
(1953) mentioned about 18 species of this genus (Trachyspermum) 
from Africa to. South Asia. Among them 8 species are "found 
in India, including the one to which Ajowain belongs (T. ammi 
L. Sprague). It is cultivated throughout India particularly in 
Bengal, Madhya Pradesh and erstwhile Madhya Bharat. It is 
sown in October-November and flowers from February to May. 
The fruits mature in May-June. It does not require heavy manu-
ring which is. infact, considered harmful for the crop. However, 
they did not mention the actual fertiliser requirements of 
the crop. 
In an article on some spices and their cultivation, 
Joshi (1961) mentioned Ajowain, cultivated commercially in 
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Madhya Pradesh, Andhra Pradesh, Gujarat, Maharashtra and Uttar 
Pradesh. According to him, Ajowain flourishes in all kinds 
of soil but does well on loams or clayey loams with 10 cartloads 
of farm yard manure (FYM) per hectare, with row spacing of 
45 cm. It is sown shallow in September-October, at a seed 
rate of 1-2 kg/ha in rows with inter-plant distance of 30 
cm. Germination takes 10-15 days and two weedings in the early 
stages are enough as are 1-2 irrigations. He mentioned that 
Ajowain is also grown as a rain-fed crop. The crop becomes 
ready from February to May for harvesting, when first flowering 
heads turn brown. However, like Krishna and Bhadwar (1953), 
he also did not mention the fertiliser requirements of the 
crop. 
Joshi ejt al. (1963) published a review on certain 
essential oil—bearing spice, plants. Besides other aspects, 
they mentioned the effect of fertiliser application on seed 
,yj.eld and essential oil content. In this connection, they 
reported the fertiliser trials carried out at Delhi, Jamnagar 
(Gujarat) and Pusa (Bihar) for obtaining higher yields of 
superior quality. Nitrogen (0, 22.41, 45 and 90 kg N/ha) and 
phosphorus (0, 7.33, 14.67 and 22.0 kg P/ha) were applied, 
at Delhi and Jamnagar. Ajowain showed good response for these 
two fertilisers while at Pusa no response was noted. However, 
no effect of these fertilisers on essential oil content of 
the seeds was noted. 
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Singh et^ al. (1971) carried out a fertiliser trial, 
including nitrogen, potassium and sulphur, on Ajowain at the 
National Botanical Garden (N.B.G.), now called as National 
Botanical Research Institute (N.B.R.I.) at Lucknow (Uttar 
Pradesh) during 1969-70 to establish the optimum doses of 
these nutrients. The details are given as follows. 
Two levels each of nitrogen (40, 80 kg N/ha) and 
potassium (30, 60 kg K/ha) and three levels of sulphur (25, 
50 and 75 kg S/ha) were tested. The seed rate was 2 kg per 
hectare with row spacing of 45 cm and inter-plant distance 
15 cm. Bed size was 18 sq m (5x3.6 m) and the design was 
factorial randomised. A no-fertiliser control was also included 
in the trial. The sources of N, K and S were ammonium chloride, 
potassium chloride and sulphur dust. It was, however, noted 
that the effect of treatment was statistically non-significant 
on seed yield as well as essential oil content of Ajowain. 
None-the-less, highest seed yield (423.88 kg/ha) was recorded 
in No„. It increased by about 12.1 and 137.6 per cent over 
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the treatments N.„ and N (control) respectively, presumably 
due to good effect on the number of umbels per branch and 
number of branches per plant. Similarly, treatments K^- and 
K,„ increased the seed yield by 150.1 and 113.3 per cent respe-
ctivelsy over the control (K^ -,). The maximum effect in case 
of sulphur was noted in S^ .-, that gave the highest seed yield. 
The increase was 8.4, 25.3 and 138.6 per cent over S^^, S^ c 
and S_^  (control) respectively. The effect of nitrogen, potassium 
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and sulphur on essential oil content of the seeds was also 
non-significant. Treatment N-^ gave the highest oil content.lt 
showed an increase of 15.9 and 74.9% over N and N^ (control) 
respectively. Similarly, in the case of potassium^ which also 
did not have statistically significant effect on essential 
oil content, K__/ha produced highest oil content^" being 11.8 
and 79.8% higher over K,,, and K^ (control) respectively. Like 
nitrogen and potassium, the effect of sulphur was non-signifi-
cant. However, they insisted that treatment S^ c gave the highest 
oil content, followed by S^n/ S__ and S_ (control) in that 
order. It may be pointed out, however, that over-emphasis 
of the differences in statistically non-significant data is 
not only unjustified but also scientifically wrong and should 
have been avoided. On this very basis, it should suffice to 
add that Singh et^  al. (1973) failed to find statistically 
significant effect of N, K or S treatments on the essential 
oil quality of Ajowain as judged by specific gravity, refractive 
index, acid value and phenol content. 
Sethi (1977), in a short communication, mentioned 
two fertiliser-cum-population density trials on two selections 
of Ajowain conducted during 1969-70 at two sites at I.A.R.I., 
New Delhi. The bed size was 9.99 sq m with two replication 
at site 1 and four replication at site 2. The row spacings 
at both the sites were 30, 45 and 60 cm, while inter-plant 
distance was kept at 25 cm uniformly throughout. Both trials 
were carried out according to factorial randomised block design. 
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Densities at the rate of 1,44,000, 96,000 & 72,000 plants per hectare 
were maintained at both the places. Six fertiliser nitrogen 
and phosphor us doses were applied^ viz., M, (20 N+13.5P), 
M2(20 N + 20 P), M2(40 N + 13.5 P) M^{40 N + 20 P), M^ 
(50 N + 13.5 P) and M,(60 N + 20 P), the numerals in parentheses 
indicating the respective doses in kg per hectare. Nitrogen 
was applied in two split doses, i.e., half as basal at the 
time of sowing and rest as top dressing, while phosphorus 
was applied as full basal dose at the time of sowing. Data 
showed that seed yield in the high yielding Synthetic Selection 
of Ajowain increased from M^  to M. level in both the trials. 
In M. seed yield (680 kg/ha) was significantly higher than 
that in M^ level (620 kg/ha) at site 1, while M^ and M_ as 
well as M-, and M- were at par with each other. At site 2 also, 
seed yield in M. (770 kg/ha) was significantly higher than 
that in M_ (680 kg/ha) and M_ (700 kg/ha). Further increase 
of nitrogen and phosphorus (60 N + 20 P) was noted to have 
no effect on the seed yield. Similarly, plant densities of 
1,44,000 plants per hectare gave the highest seed yield compared 
to the other densities (96,000 and 72,000 plants per hectare). 
As far as interaction between plant densities and fertiliser 
treatments was considered it was found that fertiliser dose 
M. (40 N + 20 P) with population density 1,44,000^ plants/ha 
proved the most economical combination for high productivity. 
Sri Rama Rao (1986) reported considerable improvement 
in the yield and quality of seed of Ajowain under All India 
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co-ordinated Spices and Cashewnut Improvgement Project at 
Regional Research Station, Lam, Guntur (Andhra Pradesh) in 
which 48 cultivars were chosen for trial. Two of selections 
i.e., Lam Selection I and Lam Selection II were cultivated 
together with a local check, among which Lam Selection II 
was found to respond best. He applied about 10 cartloads of 
farm yard manure per hectare with a no-fertiliser control 
being ancluded in the trial. The seed rate was 2-3 kg per 
hectare. At various places, sowing was done from the middle 
of August to the middle of October, in shallow rows. Deep 
sowing was noted to affect germination adversely. The rows 
were kept 60 cm apart. One or two weedings were found suffi-
cient. The crop was ready for harvest after 120-135 days and 
gave a seed yield of 1140-1170 kg per hectare. He added that 
although no synthetic fertiliser was applied to this crop, 
it was advisable to apply a bag (50 kg) of ammonium phosphate 
(28:28) per hectare to achieve high yields. 
2.7 Lallemantia royleana Benth. 
Belongs to the family Labiatae and is popular in the 
indigenous systems of medicine. It is commonly known as Tukhm-
e-balanga. It is a very samll genus of annual or biennial 
herbs, found in the Indian sub—continent and grows upto Iran 
and Turkistan (Anonymous, 19 62). However, only one species 
(L. royleana Benth.) is found in India, which grows wild. 
It is known to be cultivated in Ropar and Ambala districts 
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of Punjab, in Kumaon hills of Uttar Pradesh upto a height 
of 900 meter, in some parts of Sind and North West Frontier 
Province (N.W.F.P.) of Pakistan and in Afganistan. It is belie-
ved to be indigenous to Persia and Turkestan and was brought 
to India by the Muslims and got very well acclimatised and 
is now thriving under Indian conditions (Kirtikar and Basu, 
1975; Malavya e_t al. 1941; Chopra et^  al. , 1958). The cultivation 
of this medicinal plant is confined mainly to Northern India, 
specially Punjab. It is sown from the end of October and is 
harvested in the month of April, with frequent light irriga-
tions. It can be grown in varied soils from sandy loam to 
loamy, but rich loamy soil is most suited. It requires moderate 
fertiliser application, depending upon the soil mineral status 
(Luthra, 1950). It prefers Semi-arid climate, where water 
is not in abundance (Kazmi and Abid Askari, 1968). 
The medicinal value of this plant lies mainly in its 
seeds. These are used in the indigenous systems of medicine, 
specially in the Unani system. The seeds, which are black 
in colour have a coating of mucilage. Having some properties 
like those of Isubgol (Plantago ovata Forsk.), it is sometimes 
referred to as psyllium and is even used successfully as a 
substitute of Isubgol. It is very effective in several ailments 
of the digestive system, like dysentary, diarrhoea, constipa-
tion, intestinal inflammations and other gastro-intestinal 
disorders. The action of mucilage is purely mechanical. It 
is not involved in any chemical action inside the system. 
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The seeds are also used for soothing and cooling and are claimed 
to have some sedatve effect besides being used in beverages 
and related industries. It has diuretic effect and is used 
to cure urinary track infections. The seeds contain stearic 
acid, palmitic acid, oleic acid and liolenic acid and are 
recommended in cough. The poultice of seeds is used in abscesses, 
boils and inflammations (Chopra, 1958; Kirtikar and Basu, 
1975). Inspite of its importance in the indigenous systems 
of medicine and for other purposes mentioned above, it is 
strange that very little work has been done on the cultivation 
of L. royleana Benth. on scientific lines or on its introduction 
to new hospitable areas of India. Similarly, virtually no 
serious attempt has been made to work out its optimum nitrogen, 
phosphorus and potassium requirements for various agro-climatic 
regions or even for those where it is traditionally cultivated. 
The survey of literature leads us nowhere. It is, therefore, 
considered highly desirable to pay due attention to develop 
improved methods of cultivation so as to utilise and exploit 
the genetic potential of the crop upto the maximum extent 
under varying environmental conditions. The available litera-
ture is presented in the following pages keeping this aspect 
in view. 
Luthra (1950) made a literature survey and reported 
that Tukhm-e-balanga occurs wild in salty ranges and grows 
well on cultivation with light irrigation in sandy loam soil. 
It is sown in the month of September-October in Ropar (Punjab) 
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with a seed rate of 3.36 - 4.50 kg per hectare and is harvested 
in April with seed yield of 370 - 4 62 kg/ha. However, he 
did not mention the fertiliser requirements of the crop. 
Chaudhri (1953) carried out trials on the cultivation 
of medicinal plants in different parts, including waste land, 
of Pakistan. He noted that about 73 medicinal plants, including 
Tukhm-e-balanga (Lallemantia royleana Benth.) could be cultiva-
ted in the Layalpur region of Punjab. However, he failed to 
mention the fertiliser requirements of this crop. 
Kazmi £t aJ.. (1968) conducted an experiment on auteco-
logy and culture of Tukhm-e-balanga, in which they studied 
the effect of photoexposure, temperature, irrigation, soil 
texture, manure and fertiliser on germination of seeds, growth 
of plants and seed yield, number of seeds per gram and size 
of seed. They reported that 10% manuring of soil increased 
the yield of seed per plant-and-seed size considerably. However, 
above 10% manuring decreased seed yield per plant and seed 
size. The addition of 2% superphosphate added to the soil 
gave optimum yield and best seed size, while increase upto 
6% superphosphate decreased both the seed yield and size. 
They recommended application of 1.5 bag/acre (3.75 bag per 
hectare) superphosphate gave 3 maunds/acre (278 kg per hectare) 
seed yield. However, they did not mention the potassium requir-
ement of the crop, if any. 
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2.8 Plantago ovata Forsk. 
It is a winter season annual herb of our country, 
and is popularly known as Isubgol. It is also referred to 
as psyllium. It is indigenous to the Mediterranean region 
and to West Asia, but thrives very well under Indian condi-
tions, specially in Gujarat and adjoining states (Anonymous, 
1969). The genus Plantago is quite large and belongs to the 
family Plantaginaceae. Ten of its species are found in India, 
of which £. ovata Forsk. is most important from medicinal 
and commercial point of view. This species is widely used 
for its mucilaginous seeds and their husk. It is known to 
grow well in Sind (Pakistan). In India it is cultivated on 
large scale in Banaskantha, Mehsana and Palanpur districts 
of North Gujarat and on to lesser extent in Patiala district 
of Punjab, Hissar district of Haryana and Sirohi and Pali 
districts of Rajasthan (Randhawa, £t al. 1977; Virmani, ejt 
al. 1982; Anonymous, 1984 and Kalyanasundaram, et^  al. 1984). 
The cultivation of Isubgol in India, is confined 
to the "rabi" or winter season and starts from the end of 
October. The crop is harvested in the following April-May. 
Cool and dry conditions and properly drained sandy-loam to 
loamy soils are well suited. Cloudy and rainy weather, frost 
at the time of flowering and at maturity, affect the yield 
and quality of seed adversely (Vachani, 1943). The seeds 
are sown in well ploughed and aerated soil with light 
irrigation. 
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The medicinal importance of Isubgol is due to the 
presence of mucilage on the seeds and its coating called 
as husk. The husk is removed mechanically and is reputed 
to be very effective for chronic dysentary, habitual constipa-
tion and diarrhoea. Both husk and seed are used as laxative 
and as mentioned under IJ. royleana (p. 30-31), its action is 
purely mechanical, no chemical action taking place inside 
the digestive system. They are emollient, cooling, diuretic 
and demulcent. The poultice of seeds is applied in rheumatic 
swellings. The seeds are also used in problems of kidney 
and urinary bladder. A decoction of seeds is given in cough 
and cold. The kernel of the seed, mixed with guar (Cyanopsis 
tetragonalobus L. ) is utilised as cattle feed. The mucilage 
is widely used in industry as binding material in the prepara-
tion of compressed pharmaceutical tablets and in the production 
of cosmetic and ice cream" (Vachani, 1943; Chopra, et^ al. 
1956, 1958; Dastur, 1962; Mithal and Bhutiani, 1967; 1969 
Anonymous, 1969; Kirtikar and Basu, 1975; Nadkarni, 1976; 
Desai, et^  al. 1980; Gupta, 1982; Singh and Virmani, 1982 
Kalyanasundaram, 1984). 
As the medicinal importance of Isubgol is well estab-
lished throughout the world it has a great demand overseas 
(Sundaresh, 1982a). So India has a good export market as 
the sole producer of this crops. It is claimed that India 
has the monopoly in the world market for the export of Isubgol 
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seeds and husk and earns every year a handsome foreign exch-
ange capital (Rs 177.5 million for the year 1978-79) amounting 
to almost half of its total export of medicinal plants, 
according to the latest information available from the Export 
promotion Council of India, Bombay. As such, the crop deserves 
much more scientific attention for breeding of new strains. 
It is also imperative to investigate and determine the best 
suited cultural practices for various regions of the country 
so as to ensure highest seed yield and best seed quality. 
As in the case of the other two plants, selected for the 
present study, the review of available literature on Isubgol 
revelas that many important aspects with regard to the scien-
tific cultivation of the plant have been ignored. The impor-
tant publications on cultural practices adopted in various 
parts- of the country from time to time are considered below 
and the lacunae, if any, are pointed out without reservations. 
As far as the knowledge of the present reviewer goes, 
the credit for the first published work on cultivation of 
Plantago ovata goes to Vachani (1943), who, while attempting 
to grow Isubgol in the erstwhile province of Sind (now in 
Pakistan), concluded that the crop should be sown in the 
middle of November and that the seed should be either broad-
casted or drilled in rows 30 cm apart. He recommended that 
the seed should be sown at the rate of 11.2 to 13.4 kg/ha 
and covered manually. The yield was 504 to 84 0 kg/ha, but 
there is no mention of the crop's fertiliser requirements 
in this poineering publication. 
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Luthra (1950) published a review on isubgol and repor-
ted that it was found growing wild in sandy regions of Punjab, 
North West Frontier . Province (N.W.F.P.), Sind& Baluchistan 
in Pakistan. It is cultivated in India in Punjab, Baroda 
and in regions of Madhya Pradesh. Seed is sown by broadcasting 
in October at a seed rate of 5.60 - 6.72 kg per hectare 
and the crop is harvested in April with a seed yield of 
368.91 kg/ha. However, he did not mention the fertiliser 
requirements of the crop. 
Singh e_t al. (1955) carried out an experiment at 
Lucknow (Uttar Pradesh) to find out the effect of row spacing, 
seed rate and date of sowing on the performance of Isubgol. 
They selected two sowing dates (October 15 and November 
1), two seed rates (7.41 seers/ha i.e., 6.73 kg/ha and 12.36 
seers/ha i.e., 11.22 kg/ha) and two row spacings (22.86 
cm and 45.72 cm). They concluded that the early sowing 
(15 October), seed rate of 6.73 kg/ha and row spacing of 
22.86 cm gave higher seed yield compared to their other 
combinations. 
Joshi and Tahiliani (1956) reported that the cultiva-
tion of Isubgol in North-Gujarat starts at the end of October 
and continues till the mid of December without fertiliser 
application. 
Khan (1957) observed that no fertiliser was added 
to the soil for the cultivation of Isubgol in" the plain 
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of West Pakistan; but in deficient soils, 30 to 37.5 cartloads 
of FYM/ha was given, and sowing was done from mid-October 
to mid-November and the crop was harvested from March to April, 
average seed yield being 553.5 kg/ha. 
Chandra (1967) carried out a preliminary cultural 
trial at Lucknow (Uttar Pradesh), on four different cultures 
of Isubgol with a seed rate of 7.41 kg/ha and row spacing of 
22.85 cm. Sowing was done on 4 November. For growth, yield 
and quality assessment, shoot and root length, spike and 
tiller numbers, seed yield and swelling factor were taken 
into account. He concluded that the cultures obtained from 
Gujarat were superior to the local ones. But he did not 
mention how much NPK was required for optimum performance. 
lyenger et^ al. (1968) carried out a trial experiment 
on sowing date-cum-manuring of Isubgol at Poena (Maharashtra). 
Five fertiliser levels i.e., N , N, NP, NK and NPK in fifteen 
different combinations and 3-sowing dates (8 December, 25 
December and 10 January) and a uniform basal dose of 25 cart-
loads FYM/ha were applied during field preparation. In addition, 
100 kg N/ha, 50 kg P_0^/ha and 100 kg K20/ha were applied 
as ammonium sulphate, superphosphate and potassium sulphate, 
respectively. The different sowing dates had significant 
effect on seed yield. Sowing on 8 December gave the highest 
seed yield followed by that on 25 December, while the 10 
January sowing produced the lowest quantity of seed. They 
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observed that delay in sowing decreased the yield while 
application of fertilisers and its interaction with spacing 
did not have significant effect, including that on seed 
quality'. 
Joshi et^ al. (1968) carried out field trials -on 
Isubgol in the hilly tracts of Ranikhet (Uttar Pradesh). 
Four doses (112, 280, 504 and 785 kg/ha) of airanonium sulphate 
and six doses (125, 249, 374, 498, 622 and 747 kg/ha) 
of superphosphate were applied in two splits at sowing. 
Maximum length and spread of plant was in 504 and 785 kg/ha 
ammonium sulphate treatments, while 280, 504 and 785kg/ha 
ammonium sulphate and 498 and 622 kg/ha superphosphate 
increased the length and number of spikes considerably. 
The doses 504 and 785 kg/ha ammonium sulphate delayed the 
maturity of spikes by 1 and 2 weeks respectively. The appli-
cation of 125, 249, 498, 622 and 747 kg/ha superphosphate 
sped up the maturity by 1, 2, 3 and 5 weeks respectively. 
The highest seed yield was 38% and 39% more than the control 
(137 q/ha FYM) for which 280 kg/ha ammonium sulphate and 
498 kg/ha superphosphate, were required. However, none of 
the fertiliser dose affected the physical properties (100 
seed weight, ash and moisture contents and swelling coeffi-
cient of seed which were, however, comparable to the standard 
I.P.Ci) of seed. 
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In an Anonymous (19 69) entry, it is reported that 
Isubgol did not need chemical manuring and that 30-35 cart-
loads of FYM/ha is enough for good yield. The sowing was 
started from the end of October in some parts and was 
continued upto mid-December in the others. It was concluded 
that mid-October sowing at 22.5 cm row spacing with 7 kg/ha 
seed rate gave better seed yield varying from 500-1,000 kg/ha. 
Joshi je_t aJ.. (1970) carried out an experiment to 
find out the feasibility of growing more than one Isubgol 
crop in a year at Rishikesh (Uttar Pradesh). FYM (average 
nitrogen 0.68%) was added to the plots before sowing. The 
parameters selected for study werej period of maturity, 
number of plants and spikes per square meter and swelling 
factor. The data revealed that the crop sown in the first 
week of November and harvested in the third week of April 
gave highest values for these parameters followed by July 
sowing and December harvest, while March sown crop gave 
the lowest value for these parameters. They, therefore, 
suggested that the monsoon season at the time of seed 
maturity should be avoided, because it causes heavy attack 
of the fungus Alternaria spp. on spikes and ultimately leads 
to decline in seed yield and quality. There is no indication 
in their paper, however, whether or not inorganic fertilisers 
were applied to the crop. 
Sirohi e_t £l. (1970) reviewed the literature on 
the cultivation of Isubgol in Punjab and reported that the 
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best sowing period was from the last week of October (25 
October) to the first weeks of November (5 November). Early 
sowing resulted in lower germination percentage and thinner 
crop population, while the late sowing resulted in immature 
drying and shedding of seeds due to high temperature at 
harvest. Sowing in rows helped in weeding and other agricu-
ltural practices and required only 5 kg/ha seeds compared 
to broadcasting method which required 7.5 to 10.0 kg/ha. 
Nitrogen was applied at the rate of 37.5 - 50.0 kg/ha in 
two splits, the first half at sowing and second half before 
the start of spike formation. Besides, 25 kg P_Oc/ha and 
12.5 kg K20/ha gave the best seed yield. The application 
of fertilisers not only enhanced seed yield but also the 
quality of the produce. Potassium, however, did not have 
significant effect. 
Modi e_t ajL. (1974) concluded that Isubgol was a 
non-exhaustive crop. In North -^-Gujarat, its fertiliser 
requirements were low. In general,50 kg N/ha and 25 kg P-O^/ha 
was applied to the crop while at Pilwai in (North Gujarat) 
higher nitrogen application did not enhance seed yield 
persistently. The first 25 kg N and 25 kg P-Ot-/ha were 
applied at sowing while the remaining nitrogen was given 
as top dressing after one month alongwith the third irriga-
tion. The seed rate was 7 and 8 kg/ha and date of sowing 
was from early November to mid-December. 
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Tiwari et^ £l. (1974) brought out a review of the 
economic cultivation of medicinal herbs in the hilly tracts 
of Kumaon and Uttrakhand (Uttar Pradesh) and noted that 
Isubgol sown at a seed rate of 24.71 kg/ha and given 49.43 
kg N, 98.86 kg P and 98.86 kg K per hectare, along with 
92.23 q/ha FYM gave good seed yield (1483 kg/ha). 
Karnick (1976) conducted an experiment to find out 
the best sowing date and seed rate and the optimum fertiliser 
requirement of Isubgol at Poona (Maharashtra). The combined 
application of N, P and K proved better for per cent germi-
nation , tiller number, seed size, 1,000 seed weight, husk 
percentage and swelling factor. The 15 December to 30 December 
sowings with 7.5 - 15.0 kg/ha seed rate gave the highest 
seed yield (1,050 kg/ha). It was concluded that weather, 
seed rate and methods of sowing (broadcasting or drilling 
in lines) all had significant effect and that, in this 
trial, broadcasting proved better. 
Mehta ejt a_l. (1976) carried out an experiment on 
Isubgol at Mehsana (Gujarat) to find out the best sowing 
date and sowing methods for optimising seed yield. Of five 
sowing dates (16 October, 30 October, 14 November,29 November 
and 14 December), 14 November proved best giving seed yield 
of 1,013 kg/ha. It may be added that the 29 November sowing 
was at par with it. The earlier sowings resulted in poor 
crop density and late sowing delayed maturity and in both 
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cases the seed yield decreased. The seed rate of 7.5 kg/ha 
and broadcasting method proved best. Thus, the interaction 
29 November x 7.5 kg/ha seed rate gave the highest seed 
yield of 1,114 kg/ha. 
Pendse ejt al.. (1976) conducted an experiment on 
Isubgol at Poona (Maharashtra) to find out the effect of 
sowing date and manuring on seed yield and quality. They 
took into consideration three sowing dates, i.e., 8 December, 
25 December and 10 January and 5 combinations of fertilisers, 
viz., N, NP, NK, NPK and N (no fertiliser). Nitrogen at 
100 kg N/ha, phosphorus at 50 kg P^O^/ha and potassium at 
100 kg K_0/ha were given as ammonium sulphate, superphosphate 
and potassium sulphate respectively. A uniform seed rate 
of 7.5 kg/ha was maintained. The 8 December sowing gave 
the highest 'seed yield of 1,222 kg/ha, while the lowest 
yield was 470 kg/ha in 10 January sowing. Due to this ten-
dency it was concluded that sowing dates earlier than 8 
December should be tried to find out the optimum sowing 
date. The fertiliser doses had non-significant effect. 
It might be the result of the earlier supplied 19 metric 
tons FYM/ha as basal dose before sowing and perhaps would 
have compensated the nutrients normally supplied by the 
soil for growth and development of this crop. 
In the second experiment on the mode of sowing and 
source of seed, the seed rate was kept uniform at 7.5 kg/ha 
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and fertiliser dose, 50 kg N, 25 kg P2°s "^*^  ^^ ^9 K_0/ha. 
The data indicated that the effect on seed yield as well 
as physical properties (swelling factor, 100 seed weight, 
foreign organic matter, ash and moisture and seed protein 
contents) of seed was non-significant. 
Bajpai ejt al. (1978) carried out an experiment on 
Isubgol at Udaipur (Rajasthan) to study the effect of four 
sowing dates (15 October, 30 October, 14 November and 30 
December) and five nitrogen levels (N^ ,^ N^  c-, N-,f^ , N.- and 
N,j,) on seed yield. The sowing dates had significant effect 
on spikes number, seed and straw yield and nitrogen uptake. 
Nitrogen application also showed significant effect on these 
parameters except spike number. 15 October sowing proved 
best for all the above parameters, including seed yield. 
The 15 kg N/ha do5e gave the highest yield, followed by 
other increasing levels of nitrogen( N-.„ and N.^ . kg/ha),while 
straw yield went on increasing upto 45 kg N/ha which proved 
at par with 60 kg N/ha. Besides, N-uptake increased linearly 
with increasing doses of nitrogen upto 60 kg N/ha. 
Randhawa e^ al. (1978) carried out a field experiment, 
which was extended over two years in the sandy loam soils 
of Ludhiana (Punjab) to find out the effect of five sowing 
dates (21 October, 5 November, 20 November, 5 December and 
20 December), three seed rates (5, 7.5 and 10 kg/ha) and 
four nitrogen doses (0, 20, 40 and 60 kg/ha) on vegetative 
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growth and seed yield of Isubgol. The application of nitrogen 
was in two splits the first half was given one month after 
sowing and remaining half 30 days after the first appli-
cation (60 days after sowing). The sowing date, seed rate 
and irrigation doses had significant effect. In both the 
years of study, the highest seed yield 1,000 kg/ha was in 
5 November of first year and 1,130 kg/ha in 21 October of 
second year. Spike number, plant height and seed yield were 
decreased with delayed sowing. The seed rate (7.5 & 10 kg/ha) 
gave the highest seed yield. In the second year, highest 
seed yield was noted in 20 kg N/ha. The sowing date X nitrogen 
level interaction had significant effect in both the years. 
So, they finally concluded that, for best yeild, sowing 
date between 21 October and 5 November, seed rate of 7.5-
10 kg/ha and nitrogen at the rate of 40-60 kg/ha was 
preferable. 
Pandey and Dixit (1980), in their review on Isubgol 
cultivation in Bundelkhand Division of Uttar Pradesh, reco-
mmended that for better yield, Isubgol should be sown in 
rows, from the end of October till middle of December keeping 
the seed rate 7 kg/ha. But, they did not mention the ferti-
liser requirements of the crop. 
Chandra (1981) reviewed the nutrient requirements 
of medicinal and aromatic plants^ including Isubgol. He 
mentioned that nitrogen application increased the seed yield 
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of the crop; but did not give any specific dose for ensuring 
highest yield and quality of seed. 
A detailed report on cultivation of Isubgol, 
published by Gupta (1982), based on All India Co-ordinated 
Trials mentions the general practice of applying 50 kg N/ha 
(25 kg at sowing and 25 kg 30 days later) and 25 kg P-Ot-/ha 
for the crop, although no response to the application of 
nitrogenous fertilisers in the Co-ordinated trials them-
selves was observed. Actually, he noted that, with the 
increase of N-level, the seed yield decreased and the no-
nitrogen control gave the highest seed yield. The same effect 
was noted in the case of seed quality (swelling factor). 
Later, an eight nitrogen levels (0-50 kg N/ha) trial 
was designed, in which nitrogen, was applied both basally 
as well as in two splits. He noted that the effect of 
nitrogen application was non-significant on dry matter yield, 
spike number, seed yield and quality and other parameters. 
The final conclusion drawn, therefore, was that Isubgol 
is a non-exhaustive crop. 
The results of the co-ordinated trials were tested 
in Mehsana district Gujarat for three successive years. 
These finally revealed that 16 November and 1 December, 
among five sowing dates, gave the highest seed yield at 
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a seed rate of 5 kg/ha. However, in another experiment, 
the seed yield was found to be at par at 4.0, 5.5 and 7.0 
kg/ha seed rates, but these rates were noted to be superior 
to 1.0 and 2.5 kg seed/ha. 
An eight levels nitrogen trial, on yield and quality 
parameters of Isubgol, was carried out by Kalyanasundaram 
et al. (1982) at Anand (Gujarat) for three successive 
seasons. Nitrogen was applied at the rate 15, 30 and 45 
kg/ha either entirely as basal or 80% as basal and 20% as 
top-dressing. In addition, the recommended rate of 25 kg 
N/ha as basal and an equal amount as top dressing (total 
50 kg N/ha) was kept, alongwith a control, receiving no-
nitrogen. A basal dose of 10.75 kg P/ha was applied uniformly. 
Although seed yield, dry matter yield, swelling factor and 
nitrogen concentration in seed were found to be affected 
non-significantly during the first two years of study, the 
effect was noted to be highly significant in the third year. 
The effects of N_. ,, N-,„,„ and still higher doses of applied 
nitrogen on seed yield were at par with each other. The 
dry matter yield increased with increasing N-level, while 
swelling factor showed the reverse effect. The increase 
in N-level influenced and increased the nitrogen concent-
ration significantly in the seed and nitrogen uptake in 
the whole plant. Finally, they concluded that nitrogen should 
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not be applied for the cultivation of subsequent Isubgol 
crop unless the soil was very very poor in available nitrogen. 
Randhawa et_ al. (1982) carried out an experiment on 
Isubgol for three years at Ludhiana (Punjab) to find out 
the effect of 15 combinations of nitrogen (0, 20, 40, 60 
and 80 kg/ha) and phosphorus (0, 20 and 40 kg/ha) on plant 
height, tiller number, spike length, seed weight/50 c.c. 
and finally seed yeild. During the first two years,the seed 
yield increased significantly due to nitrogen application; 
but its effect was at par in all levels, except the control. 
However, the other parameters were not influenced by N-applica-
tion. Phosphorus had no significant effect on the above 
parameters, including seed yield, presumably because this 
nutrient was present in sufficient quantity in the soil. 
Therefore, they made"the suggestion that, for Isubgol cultiva-
tion, 2 0 kg N/ha was the optimum dose and if available 
phosphorus was sufficient in the soil this nutrient may not 
be added. 
Singh and Virmani (1982) noted in their review on 
Isubgol that its optimum fertiliser requirements was 50 kg 
N/ha and 25 kg P-Oc./ha for Lucknow (Uttar Pradesh) conditions. 
The Handbook of Agriculture (Anonymous, 1984) mentions 
that Isubgol required a medium dose of fertiliser, i.e. 25 
kg each of N and P per hectare at the time of sowing and 
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an additional 25 kg N/ha at the time of spike initiation 
(probably with the third irrigation). 15 cartload FYM/ha 
was also considered beneficial if added to the field before 
sowing. Early November was the best time for sowing but it 
may be extended upto the end of December which, however, 
resulted in decreased seed yield. 7-8 kg/ha was considered 
the ideal seed rate to get an average seed yield of 1,000 
kg/ha. 
Kalyanasundaram ejt al. (1984) recommended 50 kg N/ha 
in two doses-first 25 kg N/ha alongwith 25 kg P/ha as 
basal dose at sowing time and the remaining 25 kg N/ha top-
dressed after 30 days of sowing for cultivation of Isubgol 
in Gujarat. They suggested soil testing before sowing to 
know its nitrogen status. The fertiliser should be added 
only if nitrogen is low. It can also be compensated by growing 
a legume crop to restore soil fertility for sowing of the 
subsequent Isubgol crop. 
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Chapter 3 
Materials and Methods 
3.0 General 
Eight field trials were conducted two on Carum copt-
icum Benth.(Syn. Trachyspermum ammi L. Sprague) i.e. Ajowain 
belonging to family Umbelliferae and three each on Lallemantia 
royleana Benth. i.e. Tukhm-e-balanga (family Labiatae) and 
Plantago ovata Forsk. i.e. Isubgol (family Plantaginaceae) in 
the 'rabi' (winter) seasons of 1983-87. Among these, six experi-
ments were carried out at mini-drug farm, I.H.M.M.R., New Delhi, 
and two at the agricultural farm of the Aligarh Muslim Univer-
sity, Aligarh. Experiment 1, 2 and 3 on Ajowain, Tukhm-e-balan-
ga and Isubgol respectively were conducted in 1983-84 at Delhi 
according to simple radomised block design for the sake of simp-
licity and to gain experience. Three more experiments 4, 5 and 
6 were conducted in the year 1984-85 again at Delhi. Experiment 
4 on Ajowain and 5 on Tukhm-e-balanga were laid out according 
to factorial randomised block design. Experiment 6 on Isubgol 
was again carried out according to simple randomised block 
design. The later experiments (4,5 and 6) were planned in the 
light of the knowledge gained in the previous experiments (1, 
2 and 3) of 1983-84. The remaining two experiments (7 and 8) 
on Tukhm-e-balanga and Isubgol respectively were conducted 
at Aligarh, about 130 km from New Delhi, according to simple 
randomised block design. The details of edaphic and aerial envi-
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ronment of the two sites and of the agro-techniques applied 
during these experiments are given below. 
3.1 Topography and agro-climate of New Delhi and Aligarh(U.P.) 
New Delhi, the capital of India in the heart 
of the Indo-gangetic of North India, is situated on the banks 
of river Jamuna at 28°53'N latitude, 77°20'E longitude and 
225 m in altitude. Aligarh a small University town of western 
Uttar Pradesh which is located 130 kilometers east of Delhi, 
at 27°53''N latitude, 78°4'E longitude and 187.45 m in altitude, 
to be precise climate-wise three seasons i.e. winter, summer 
and rainy seasons are recognised; but generally tow crop seasons 
i.e. 'rabi' and 'kharif have dominated for centuries. The 
'rabi' winter season starts from the end of October and extends 
upto mid-March, during this season the coldest months are 
December and January. In these months, the average recorded 
day temperature is 15 °C and the lowest,- 0.5°C to 2° celcius. 
The summer season, which starts quickly after winter, has 
May and June as hottest and driest months during which the 
highest temperature has been recorded to reach 45 °C whereas 
the average temperature for these two months is 34°5°C. At 
the end of June, the rainy season (monsoon) starts. The total 
average rainfall of the year is about 847.30 mm of which about 
85% occurs in the rainy season (15 June-Sept.) and remaining 
in the winter (rabi) season. 
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3.2.1. Soil characteristics of the field at the mini-drug 
farm, IHMMR, New Delhi 
The soil texture in Delhi area varies from sandy 
to sandy loam to clayey loam; but the soils in south Delhi, 
where six of the experiments being reported in this thesis 
were conducted, is sandy loam. Before laying out these experi-
ments random soil samples were collected from various spots 
of the field at a depth of about 12 cm. These were mixed together 
to form a homogenous composit sample that was tested at the 
Soil Testing Laboratory of the Indian Agriculture Research 
Institute (I.A.R.I.), New Delhi. The physico-chemical prope-
rties of the soil of the experimental field are given in Table 
1. 
3.2.2. Soil characteristics of the field at the Agriculture 
Farm, A.M.U., Aligarh 
The soil of the Agriculture Farm at Aligarh is sandy 
loam. Before the start of the last two experiments (7 and 8) 
on Tukhm-e-balanga and Isubgol, respectively, small soil sam-
ples were picked up randomly from the field at different places 
at a depth of about 12 cm and mixed together to form a homo-
genous composite sample. This was also analysed at the Soil 
Testing Laboratory of I.A.R.I., New Delhi. The details of the 
physicochemical characteristics of the soil of this field are 
given in Table 1. 
Table 1: Physico-chemical characteristics of Surface Soil 
of fields (Experiments 1-8) 
Character 
Mini-Drug Farm 
IHMMR, NEW DELHI 
AMU AGRIC. FARM 
ALIGARH 
1983-84 
Experiments 
1,2 and 3 
1984-85 
Experiments 
4,5 and 6 
1986-87 
Experiments 
7 and 8 
Texture 
pH (1:2) 
Sandy loam 
8.1 
Sandy loam 
8.00 
Sandy loam 
7.7 
Conductivity 
E.C. (1:2) 
(m mhos/cm) 0.10 0.18 0.40 
Available 
Nitrogen (N) 
(kg/hectare) 159.9 161.0 190 .0 
Available 
Phosphorus (P) 
(kg/hectare) 13 .44 15 .00 30 .00 
Available 
Potassium (K) 
(kg/hectare) 252.00 260.00 765.00 
Calcium 
carbonate Nil Nil Low 
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3.3 Field preparation 
For conducting the experiments, the fields at New 
Delhi and Aligarh were thoroughly ploughed to remove the 
weeds and to provide proper aeration. After a few days, the 
required number of beds of requisite sizes (10 sq m i.e. 
4 X 2.5 m at New Delhi and S s q m i . e . 2 x 2 . 5 m at Aligarh) 
were prepared. Standard agricultural practices were undertaken 
as and when required for each crop. The rwo spacing was 30 
cm each for Ajowain and Tukhm-e-balanga and 25 cm for Isubgol. 
A day, before the the sowing of seeds, a light irrigation 
was given to the experimental beds. 
3.4 Seeds and sowing 
Authentic seeds of Ajowain, Tukhm-e-balanga and Isubgol 
were obtained from the Hamdard Dawakhana, Delhi. These 
seeds were tested for their viability by using 1% aqueous 
solution of tetrazolium salt and were surface sterilised 
with 95% ethanol before sowing in rows. The seed rate was 
a uniform 5 kg/ha for Ajowain and Tukhm-e-balanga and 7.5 kg 
for Isubgol. 
3.5 Irrigation and fertiliser application 
A total of six irrigations and two weedings were 
required throughout the growth and flowering period of each 
crop. The fertilisers were applied basally only at the time 
of sowing in Experiments 1-5. In the last two experiments 
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conducted at Aligarh dilute aqueous solutions of superphos-
phate were sprayed on the foliage 60 days after sowing to 
supplement the basal dose for comparison two doses of super-
phosphate were applied as supplement. 
3.6 Lay-out of the field Experiments 
The lay-out of all the eight experiments was planned 
and executed with regard to .the design selected for each, 
according to Panse and Sukhatme (1985)and are.given below: 
3.6-1 Experiments 1,2 and 3 
These three experiments on Ajowain, Tukhm-e-balanga 
and Isubgol respectively were conducted simultaneously in 
sandy loam soil at the mini-drug farm of I.H.M.M.R., New 
Delhi according to simple randomised block design during 
the 'rabi' season of 1983-84 (Tables 13-23). The physico-
chemical properties of the soil of experimental field are 
given in Table 1. The aim of these three experiments was 
to study the effect of application of varying doses of ferti-
liser nitrogen, phosphorus and potassium on growth, yield 
and quality parameters of Ajowain, Tukhm-e-balanga and Isubgol 
respectively. 
3.6.1.1 Experiment 1 
Ten selected combinations of nitrogen, phosphorus 
and potassium were applied to the soil at sowing (24 October, 
1983) in the form of commercial grade urea, mono-calcium 
superphosphate and muriate of potash respectively. - The 
treatments were N^P^QK^Q, N20P4QK40' ^40^40^40' ^60^40^40' 
Table 21 Summary of treatments of Experiments 1 and 2 on Ajowain 
(Carum copticum Benth.) and Tukhm-e-balanga (Lalleman-
tia royleana Benth.) conducted in 1983-84 at New 
Delhi 
Nitrogen 
(kg N/ha) 
Phosphorus 
(kg P/ha) 
Potassium 
(kg K/ha) 
Total nutrient 
(N+P+K kg/ha) 
N, 
N 20 
N 40 
N 60 
N 40 
N 40 
N 40 
N 40 
N 40 
N 40 
40 
40 
40 
40 
20 
60 
40 
40 
40 
K 40 
K 40 
K 40 
K 40 
K 40 
K 40 
K 40 
K, 
K 20 
K 60 
^0^40^40 
^20^40^40 
^40^40^40 
"^60^40^40 
^40^0^40 
^40^20^40 
^^40^60^40 
•^40^40^0 
^40^40^20 
^40^40^60 
N.B. 1. Sowing date was 24 October, 1983. 
2. Seed rate was 5 kg/ha. 
Table 3: Summary of treatments of Experiment 3 on Isubgol 
(Plantago ovata Forsk.) Conducted in 1983-84 at 
New Delhi 
Nitrogen 
kg N/ha 
^0 
^2 0 
^2 0 
^2 0 
^2 0 
^4 0 
^4 0 
^4 0 
^40-
Phosphorus 
kg P/ha 
^0 
p 
20 
p 
20 
^40 
^4 0 
p 
20 
p 
•20 
•^40 
^40 
Potassium 
kg K/ha 
^0 
^2 0 
^4 0 
^2 0 
^4 0 
^20 
^4 0 
^2 0 
^40 
Total nutrient applied 
(N+P+K kg/ha) 
N Q ^ O ^ O 
^20^20^20 
"^20^20^40 
^20^40^20 
N P K 20 40 40 
^40^20^20 
N P K 
^40 20 40 
^^40^40^20 
N P K 
^40 40 40 
N.B. 1. Sowing date was 26 October, 1983 
2. Seed rate was 7.5 kg/ha. 
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^ 4 0 V 4 0 ' ^40^20^40' ^40^60^40' ^40^40^0' ^40^40^20 ^^^ 
N._P.„K-_ (Table 2). The fertilisers were applied at the 
time of sowing (24 October, 1983), each treatment being repli-
cated thrice. 
3.6.1.2 Experiment 2 
Like Ajowain (Experiment 1), the field trial on Tukhm-
e-balanga was also conducted according to .simple randomised 
block design to select the best out of the same ten selected 
NPK combinations, namely, NQP^^K^Q, N2QP4QK4Q, N^o^40^40' 
^^60^40^40' ^40^0^40' ^40^20^40' ^40^60^40' ^40^40^0' ^40^40^20 
and N.„P.„K,„. Each treatment was replicated three times. 40 40 60 
The sowing was done on 24 October, 1983 (Table 2). 
3.6.1.3 Experiment 3 
On Isubgol, nine treatments (N^P„Kj,, liy^P2r)^20' 
^20^20^40' ^^20^40^20' '^20'^40^40' ^^40^20^20' ^40^20^40' 
N.„P._K_„ and N._P.-K.„) were selected and applied basally 
at the time of sowing that was done on 26 October, 1983. 
There were three replications for each treatment (Table 3). 
3.6.2 Experiments 4, 5 and 6 
These three epxeriments were conducted on Ajowain, 
Tukhm-e-balanga and Isubgol respectively in the 'rabi' season 
of the following year (1984-85). Based on the data of 
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Experiments 1,2 and 3, in which the treatments ^^0^40^40 
for Ajowain, N.^P,„K.„ for Tukhm-e-balanga and N.„P.„K._ 
for Isubgol proved best for the respective crop, new combina-
tions of fertiliser nitrogen, phosphorus and potassium applied 
in the same forms as in 1983-84 were taken so as to determine 
the optimum dose for each crop. Further details are given 
below. 
3.6.2.1 Experiment 4 
Ajowain was sown again on 24 October retaining the 
same seed rate (5 kg/ha) and row spacing (30 cm) as in 
Experiment 1 (1983-84). However, trial was conducted according 
to factorial randomised block design to obtain as much relevant 
information in one season as possible. New combinations of 
nitrogen and phosphorus only (20, 40 and 60 kg of each/ha) 
were tried keeping potassium uniform at 40 kg K/ha. Each 
treatment was replicated thrice. Other agro-practices were 
also kept similar to those adopted in Experiment 1. The summary 
of the treatments given to Ajowain is depicted in Table 4. 
3.6.2.2 Experiment 5 
This field trial on Tukhm-e-balanga was planned and 
executed in accordance with the findings of Experiment 2. 
Like experiment 4 on Ajowain, nitrogen and phosphorus were 
each applied at the rate of 40, 60 and 80 kg/ha with a uniform 
Table 4: Summary of treatments of Experiment 4 on Ajowain 
(Carum copticum Benth.) conducted in 1984-85 at 
New Delhi 
Phosphorus 
(kg P/ha) Nitrogen 
(kg N/ha) 2 0 4 0 60 
20 
40 
60 
N.B. 1. A uniform dose of 40 kg K/ha was applied basally 
to each bed at the time of sowing 
2. Sowing date was 24 October, 1984 
3. Seed rate was 5 kg/ha. 
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basal dose of 40 kg K/ha in a factorial randomised block 
design. Thus, the nutrient combinations in this experiment 
also contained larger quantities of NPK than in Experiment 2. 
It was expected to gain more meaningful information about 
the effect of N and P on this crop not only individually 
but also in combinations as the design was factorial randomised 
(Table 5). However, other agro-technical details were the 
same as in the earlier experiment conducted in 1983-84. The 
physico-chemical properties of the soil are given in Table 1 
Table 5: Summary of treatments of Experiment 5 on Tukhm-e-
balanga (Lallamantia royleana Benth.) conducted 
in 1984-85 at New Delhi 
Phosphorus (kg P/ha) 
Nitrogen 
(kg N/ha) 40 60 80 
40 
60 
80 
N.B. 1. A uniform dose of 40 kg potassium per hectare was 
applied basally to each bed at the time of sowing. 
2. Sowing date was 28 October, 1984. 
3. Seed rate was kept 5 kg/ha. 
3.6.2.3 Experiment 6 
This experiment on Isubgol was also conducted in 
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the 'rabi' season of 1984-85 at New Delhi to investigate 
the effect of varying potassium doses applied alongwith a 
uniform dose of 40 kg each of nitrogen and phosphorus. Like 
experiments 4 and 5, this experiment was planned on the basis 
of the findings of earlier conducted experiment 3 on Isubgol. 
It was attempted in view of unsatisfactory potassium status 
of the field soil (Table 1). Five potassium levels, providing 
a larger spectrum were applied according to a simple randomised 
block design, keeping the seed rate of 7.5 kg/ha, row spacing 
of 25 cm and replication three as in Experiment 3 (1983-84). 
The sowing date was again 26 October, 1984. The fertilisers 
were supplied making, the same sources as mentioned earlier 
(P- 53 )• The physico-chemical properties of the soil is 
given in Table 1. 
Table 6: Summary of treatments of Experiment 6 on Isubgol 
(Plantago ovata Forsk) conducted in 1984-85 at 
New Delhi 
Nitrogen + Phosphorus 
(kg N+P/ha) 
Potassium 
(kg K/ha) 
Total nutrient dose 
(N+P+K kg/ha) 
40 + 40 
40 + 40 
40 + 40 
40 + 40 
40 + 40 
0 
20 
40 
60 
80 
40 + 40 + 0 
40 + 40 + 20 
40 + 40 + 40 
40 + 40 + 60 
40 + 40 + 80 
N.B. 1. Sowing date was 26 October, 1984. 
2. Seed rate was 7.5 kg per hectare. 
Table 7: Summary of treatments of Experiments 7 and 8 on Tukhm-
e-balanga (Lallemantia royleana Benth.) and Isubgol 
(Plantago ovata Forsk.) respectively conducted during 
1986-87 at Aligarh 
Treatment Basal P Foliar spray/Top-dressing of Total P 
P after 60 days of sowing applied 
B +F 40 kg/ha spray of water 40 kg/ha 
B +F 20 kg/ha spray of water 20 kg/ha 
Bp^ j^ +Fpj 20 kg/ha spray of 1 kg P/ha 21 kg/ha 
B +F 20 kg/ha spray of 2 kg P/ha 22 kg/ha 
Bp2Q+Fp^ 20 kg/ha spray of 4 kg P/ha 24 kg/ha 
•fip2Q+T 20' kg/ha top-dressing of 10 kg P/ha 30 kg/ha 
P^20"^ P^20 ^° kg/ha top-dressing of 20 kg P/ha 40 kg/ha 
N.B. 1. Uniform basal doses of 60 kg N for L. royleana and 
20 kg N for P. ovata and of 20 kg K/ha for both were 
applied at sowing. 
2. For both crops, sowing date was 24 October, 1986. 
3. Seed rate was 5 kg/ha for Tukhm-e-balanga and 7.5 
kg/ha for Isubgol. 
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3.7 Experiments 7 and 8 
These two experiments (7 and 8) on Tukhm-e-balanga and 
Isubgol respectively were conducted at the Agricultural Farm 
of the Aligarh Muslim University, Aligarh during the 'rabi' 
season of 1986-87. These experiments were planned to compare 
the effect of 3 levels of supplemental foliar spray (F) and 
2 of top-dressing (T) of phosphorus after 60 days of sowing, 
spraying the controls with deionised water (F^). Uniform basal 
doses of 60 kg N and 20 kg K/ha for L. royleana and at 20 kg N 
and 20 kg K/ha for £. ovata were applied at sowing. Phosphorus 
was applied at 40 kg P/ha in Control 1 and uniformly at 20 
kg P/ha in the other six treatment including Control 2. Thus, 
the two controls were designated as B .„ + F (Control 1) and 
^P20^^W ('^ °'^ t^ °l 2) and the treatments, as ^p20^^pi' ^P2 0-^ P^2' 
^P20''^P4' ^P20*'^P10 ^"^ ^20^^P20- "^ ^^  sources of fertilisers 
were the same as in the earlier exeriments. The seed rate was 
also retained at 5 and 7.5 kg/ha for both crops but the bed 
size was 5 sq m (2 x 2.5) with same row spacing as in Experiments 
2 and 5 on Tukhm-e-balanga and 3 and 6 on Isubgol, i.e. 30 cm 
and 25 cm respectively. Also, Experiment 7 and 8 were laid 
out according to simple randomised block design. The sowing 
of both crops was done on 24 October. The details of the 
nutrients applied (basal + foliar spray/top dressing) are given 
in Table 7 ) . 
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3.8 Sampling techniques 
Sampling of plants was done at full bloom stage. 
Three plants were randomly uprooted carefully from the experi-
mental beds to study the growth parameters. Three other plants 
were picked up at harvest for yield and quality parameters. 
The details of the parameters selected for the three plants 
are given below separately. 
Experiments I and 4, on Ajowain (Carum copticum Benth.) 
3.8.1 Growth parameters (at full bloom stage) 
(i) Root length (cm) 
(ii) Root fresh weight (g) 
(iii) Root dry weight (g) 
(iv) Shoot length (cm) 
(v) Shoot fresh weight (g) 
(vi) Shoot dry weight (g) 
(vii) Number of branches/plant 
3.8.2 Yield parameters (at harvest) 
(i) Number of umbels/branch 
(ii) Number of umbellets/umbel 
(iii) Seed yield (kg/ha) 
(iv) Biological yield (kg/ha) 
(v) Oil yield (kg/ha) 
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3.8.3 Quality parameter of harvested seeds 
(i) Oil content of seed (%) 
Experiments 2,5 and 7 on Tukhm-e-balanga (Lallemantia royleana 
Benth.) 
3.9.1 Growth parameters (at full bloom stage) 
(i) Root length (cm) 
(ii) Root fresh weight (g) 
(iii) Root dry weight (g) 
(iv) Shoot length (cm) 
(v) Shoot fresh weight (g) 
(vi) Shoot dry weight (g) 
(vii) Number of branches/plant 
3.9.2 Yield parameters (at harvest) 
(i) Number of buds/branch 
(ii) Seed yield (kg/ha) 
(iii) Biological yield (kg/ha) 
3.9.3 Quality parcuneter of harvested seeds 
(i) Swelling factor of seed (ml) 
Experiments 3,6 and 8 on Isubgol (Plantago ovata Forsk.) 
3.10.1 Growth parameters (at full bloom stage) 
(i) Root length (cm) 
(ii) Root fresh weight.(g) 
61 
(iii) Root dry weight (g) 
(iv) Shoot length (cm) 
(v) Shoot fresh weight (g) 
(vi) Shoot dry weight (g) 
(vii) Number of culms/plant 
3.10.2 Yield parameters (at harvest) 
(i) Length of spike (cm) 
(ii) Number of spikes/plant 
(iii) Seed yield (kg/ha) 
(iv) Biological yield (kg/ha) 
3.10.3 Quality parameter of harvested seeds 
(i) Swelling factor of seeds (ml) 
3.11 Essential oil of Ajowain (Carum copticum Benth.) 
The essential oil of Ajowain was extracted from freshly 
.,„ harvested seeds by steam distillation technique. The percentage 
of oil in the seed was then calculated on w/w basis. 
3.11.1 Extraction and estimation of essential oil 
In Experiments 1 and 4 on Ajowain, the oil was extracted 
by steam distillation using Clevenger apparatus. For this, 
10 g freshly harvested seeds of Ajowain were crushed finelly 
and kept in a 500 ml round bottom flask to which was added 
150 ml of water. The flask was then placed over a heating 
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mantle. It was attached to a condenser and the evaporating 
gases were ultimately collected on condensation in a receiver 
flask. A separating funnel was fixed to the head of the disti-
llation flask to maintain the water level. The mixture was 
heated until steady distillation began. Water was added 
steadily through the funnel at an appropriate rate to maintain 
the original water level. The distillate was collected in 
the receiver until no further droplets of oil were noted 
to condense. A minimum 100 ml quantity should be distilled 
and collected. The distillate was poured into another separa-
ting funnel, which was rinsed with 5 ml of methylene chloride 
and the liquid was added back to the funnel. The funnel was > 
shaken and the layers allowed to be separated completely. 
The lower organic layer was drained into a clean dry flask. 
The aqueous layer was re-extracted using 3-4 ml methylene 
chloride. The lower layer was drained again carefully into 
a test tube. The methylene chloride was evaporated off on 
a steam bath. The entire oil obtained was weighed in order 
to obtain the percentage as the weight of the original seed 
material was 10 g. The oil percentage was computed with the 
seed yield per hectare to get the oil yield per hectare. 
3.12 Swelling factor 
The seeds of Tukhm-e-balanga (Experiments 2,5 and 
7) and Isubgol (Experiments 3, 6 and 8) contain a mucilage 
layer, that is mainly responsible for their medicinal 
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importance. The swelling factor of their seeds was measured 
using standard methods mentioned in the Pharmacoepia of India 
(Anonymous, 1955). The detail is given below: 
1 g seed was agitated gently and occasionally for 
24 h in a 25 ml stoppered measuring cylinder filled upto 
the 20 ml mark with water. It was then allowed to stand for 
one hour so as that the mucilage occupied a volume not less 
than 10 ml. The final volume occupied by the swollen seeds 
as a result of adsorption of water (swelling factor) was 
measured directly by reading the actual level of the swollen 
mass in the cylinder. 
3.13 Statistical analysis 
The data obtained during these eight experiments were 
analysed statistically to find out the significance of the 
effect of fertiliser treatment as per the design of each 
experiment according to Panse and Sukhatme (1985). 'F' test 
was applied to determine the significance of the data at 
5% level of probability. The model of analysis of variance 
(ANOVA) for each of the experimental design is given in 
Tables 8-12 Critical difference (CD.) among the values was 
also calculated to establish the statistical significance 
of the data. 
Models of analysis of variance (ANOVA) 
Table 8: Experiments 1 and 2 on Ajowain and Tukhm-e-balanga 
(1983-84) (Simple randomised block design) 
Source of variation D.F. S.S, M.S.S, 
Replications 
Treatments 
Error 
2 
9 
18 
Total 29 
Table 9: Experiment 3 on Isubgol (1983-84) (Simple randomised 
block design) 
Source of variation D.F. S.S, M.S.S, 
Religcations 
Treatments 
Error 
2 
8 
16 
Total 26 
Table 10: Experiments 4 and 5 on Ajowain and Tukhm-e-balanga 
(1984-85) (Factorial randomised block design) 
Source of variation D.F. S.S, M.S.S, 
Replications 
Nitrogen (N) 
Phosphorus (P) 
Interaction (NxP) 
Error 
2 
2 
2 
4 
16 
Total 26 
Table 11: Experiment 6 on Isubgol (19 84-85) (Simple randomised 
block design) 
Source of variation D.F. S.S. M.S.S 
Replications 
Treatments 
Error 
2 
4 
8 
Total 14 
Table 12: Experiments 7 and 8 on Tukhm-e-balanga and Isubgol 
(1986-87) (Simple randomised block design) 
Source of variation D.F. S.S. M.S.S, 
Replications 
Treatments 
Error 
2 
6 
12 
Total 20 
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Chapter - 4 
Experimental Results 
4.0 General 
A total of eight field experiments was conducted between 
1983 and 1987. These included two experiments on Carum copticum 
Benth. (Ajowain) and three each on Lallemantia royleana Benth. 
(Tukhm-e-balanga) and Plantago ovata Forks. (Isubgol). Thus, 
Experiments 1 (1983-84) and 4 (1984-85) were on Ajowain, 
Experiments 2 (1983-84), 5 (1984-85) and 7 (1986-87) on Tukhm-
e-balanga and Experiments 3 (1983-84), 6 (1984-85) and 8 (1986-
87) on Isubgol. The first six experiments were performed at 
the mini-drug farm of I.H.M.M.R. New Delhi, in 1983-84 and 
1984-85 and the remaining two (Experiments 7 and 8), at the 
Agricultural Farm, Aligarh Muslim University, Aligarh, during 
1986-87. The performance of the crops was judged on the basis 
of standard growth, yield and quality parameters noted in random 
samples collected at full bloom stage for assessment of vegeta-
tive growth and at harvest for the remaining characteristics. 
The details of the data of each experiment and their statistical 
significance are given in the following paragraphs. 
4.1 Experiment 1 
The first experiment was conducted on Carum copticum (Syn. 
Trachyspermum ammi L. Sprague) or Ajowain belonging to family 
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umbelliferae. In a simple randomised block design, the effect 
of ten different combinations of nitrogen, phosphorus and 
potassium applied at sowing was tested. The growth parameters 
selected for the purpose included length, fresh weight and 
dry weight of root; length, fresh weight and dry weight of 
shoot and number of branches/plant at full bloom stage. The 
yield parameters included number of umbels/branch, number 
of umbellets/umbel before harvest and seed yield, biological 
yield and oil yield at harvest. The last parameter was calcula-
ted on the basis of the oil content of the freshly harvested 
seeds. 
4.1.1 Growth parameters 
Each of the seven parameters mentioned above was noted 
at the full bloom stage. The details are given below in 
Tables 13 to 14. 
4.1.1.1 Root length 
The effect of treatments on this parameter was found 
to be non-significant (Table 13). It may, therefore, be inferred 
that all treatments were equally effective for the downward 
growth of root. 
4.1.1.2 Root fresh weight 
As is evident from Table 13, the fresh weight of root 
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was significantly affected by the treatments. The heaviest 
roots were developed in treatment N2QP.QK.Q and the lightest, 
in ^0^40^40* Treatment ^^20^40^40 increased the root fresh 
weight by 121.0% over NQP._K.„ and by 63.6 and 25.5% over 
•^40^0^40 ^"^ ^40^40^0 respectively. Thus, treatment N^QP^QK^Q 
was established best for this parameter of the root and differed 
critically from the rest of the treatments. It may be added 
that N„P.„K.„ which had the least effect was at par with 
^40^0^40' 
4.1.1.3 Root dry weight 
The root dry matter production was found to be signi-
ficantly affected by the treatments (Table 13). The highest 
root dry matter production was noted in treatment N.„P.p^K_„ 
and lowest, in N„P.„K.„. Treatment N. j^ P.„K^ „ increased the 
root dry weight by 80.9% over the least effective treatment 
N_P.„K.Q. The treatment N.-P._K_p. erih&nced the dry weight 
of root by 75.3 and 21.2% over N.„P„K.„ and N.„P.„K„ respec-
tively. Treatment ^^60^40^40' ^^ich closely followed N.„P.„K_„ 
in root dry matter production was found at par with it. 
Similarly, treatment N-P..K.„j was equal to N.„PQK.Q in giving 
the lowest value for this parameter. 
4.1.1.4 Shoot length 
The shoot length of Ajowain was influenced by fertiliser 
Table 13: Effect of ten NPK combinations on length, fresh 
weight, and dry weight of root per plant at full 
bloom stage of Ajowain (Carum copticum Benth.) 
T r e a t m e n t s 
( k g / h a ) 
^0^40^40 
^20^40^40 
N P K 40 40 40 
N P K 60^40^40 
^40^0^40 
N P K 40 20 40 
N P K 40 60 40 
N P K 40 40 0 
^40^40^20 
^^40^40^60 
Leng th 
(cm) 
8 .66 
10 .16 
9 .33 
9 .50 
9 .83 
9 .00 
9 .16 
1 0 . 5 0 
1 0 . 6 6 
9 . 5 0 
F r e s h Weight 
( g ) 
6 .83 
1 5 . 1 0 
9 . 9 1 
1 2 . 1 6 
7 .83 
9 . 2 3 
1 0 . 7 3 
9 .65 
12 .07 
1 1 . 8 3 
Dry Weight 
( g ) 
2 . 1 3 
3 . 5 5 
2 . 9 3 
3 .57 
2 . 2 0 
3 .09 
3 .36 
3 .14 
3 .85 
3 . 4 1 
C D . at 5% N.S. 3.40 0.849 
N.S. = Non-significant 
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application significantly (Table 14). The longest shoot was 
found in treatment N,QP.QK.„ and the shortest, in treatment 
NQP.QK.Q. Treatment N,QP.-K.Q increased the shoot length by 
16.9% over the lowest value noted in N„P.„K.^. The same treat-
0 40 40 
ment ^^0^40^40 increased the shoot length by 6.6 and 2.3% 
over the treatments N.„PQK.- and N _P.„K„ respectively. 
4.1.1.5 Shoot fresh weight 
It is evident from Table 14 that the shoot fresh weight 
was significantly affected by treatments.. The heaviest shoot 
was found in treatment N,„P,„K.„ and the lightest, in 
60 40 40 3 ' 
N.-,P._K^„ indicating high potassium to have a deteriorating 
effect on shoot fresh weight. Treatment N,„P.„K.^ increased 
^ 60 40 40 
the shoot fresh weight by 17.6% over that of treatment N.„P.„K-_. 
The same treatm'ent ^^60^40^40 increased it by 13.9, 3.4 and 
2.3% over the values given by treatments N„P.„K.„, N.„P-,K.„ 
and ^40^40^0 respectively. Treatment ^40^40^20 ^^^ ^* ^^•'^  
with N^o^40^40' "^^"-^^ treatments N4o^40^60 "^'^  ^0^40^40 "^^""^ 
statistically equal to each other. 
4-1.1.6 Shoot dry weight 
The dry weight of shoot was not affected significantly 
by the treatments (Table 14). 
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4.1.1.7 Number of branches per plant 
The effect of the treatments on number of branches 
per plant was found to be significant (Table 14). The maximum 
number of branches was noted in treatment N^ P^.^ -K.^  and the 
60 40 40 
minimum, in N._P K,Q. The increase due to N,QP.QK.„ was 27.3% 
over N4o^0^40 "^'^  ^^'^°^ °''^ '' ^°^^ ^ 0^40^40 ^"^^ ^40^40^0-
Treatment N.^P,^K.^ was found to have equal effect on branching 
to that of ^60^40^40' whil® treatment ^0^40^40 ^^^ ^^ P^^ 
with (N^QPQK^Q). 
4.1.2 Yield parameters 
Almost, all the yield parameters were significantly 
affected by fertiliser doses (Tables 15 to 16). The details 
of the results obtained are mentioned below. 
4.1.2.1 Number of umbels per branch 
This important yield contributing parameter was 
significantly affected by the treatments (Table 15). The 
maximum number of umbels per branch was produced in N,„P.„K.„, 
while the minimum number was noted in N„P.„K.^. Treatment 
N,„P.„K.„ increased the number of umbels by 19.5% over the 
lowest valued given by treatment N„P K. „ and by 16.6 and 
4.3% over ^ P K.Q and N.QP.QKQ respectively. Treatment 
^40^40^40 "^ ^^  ^^ P^^ ^^^^ N^^P^^K^^. Treatment N^P^n^^n ^nd 
Table 14: Effect of ten NPK combinations on length, fresh 
weight, dry weight and number of branches of shoot 
per plant at full bloom stage of Ajowain (Carum 
copticum Benth.) 
Treatments 
(kg/ha) 
^^0^40^40 
^20^40^40 
^40^40^40 
^^60^40^40 
^40^0^40 
^^40^20^40 
^40^60^40 
^40^40^0 
^40^40^20 
^^40^40^60 
Length 
(cm) 
87.55 
93.33 
96.66 
96.88 
96.00 
96.66 
100.00 
100.00 
102.33 
97.16 
Fresh weight 
(g) 
263.30 
283.00 
295.00 
296.60 
290.00 
293.30 
300-00 
293.30 
296.66 
255.00 
Dry weight 
(g) 
56.00 
62.66 
65.33 
65.66 
64.33 
63.33 
66.66 
65.00 
65.66 
56.66 
Number of 
branches/ 
plant 
15.00 
16.33 
16.66 
18.66 
14.66 
16.00 
18.33 
15.00 
15.66 
16.60 
C D . at 5% 3.30 21.21 N.S. 2.45 
N.S. = Non-significant 
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N_^P.„K.„ were found statistically equal. 
4.1.2.2 Number of umbellets per umbel 
The number of umbellets per umbel was significantly 
affected by the treatments (Table 15). Maximum number of 
umbellets was noted in N-p,P.„K.„ and the lowest, in N„P._K.p,. 
60 40 40 0 40 40 
Treatment N-_P.„K.^ enhanced the number by 44.4% over that 60 40 40 
produced in ( N Q P . „ K , ^ ) . The treatment ^60'^40^40 increased 
the umbellets by 8.3 and 14.7% over the values for the treat-
ments N^QPQK^Q and N^QP^QKQ' respectively. Treatment N^o^60^40 
was found at par with N--P._K.„. The treatments N_P.„K.„ 
60 40 40 0 40 40 
and N_„P.„K.„ were statistically equal to each other in 
umbellet production. 
4.1.2.3 Seed yield (kg/ha) 
Table 16 clearly shows that the seed yield, which 
is most important among yield parameters was significantly 
affected by the treatments. The highest seed yield (496.7 
kg/ha) was obtained in treatment ^^60^40^40 ^^'^ ^^^ lowest, 
(405 kg/ha) in N^P K.„. Treatment "^60^40^40 enhanced seed 
production by 22.6% compared with NQP.„K._ and by 14.6 and 
6.4% over the seed yield of 433.3 kg and 466.7 kg/ha produced 
in treatments ^40^0^40 ^"^ ^40^40^0 respectively. The seed 
yield in N^QP^QK^Q was at par with that N4o^40^40' closely 
Table 15: Effect of ten NPK combinations on number of umbels/ 
branch and number of umbellets/umbel at full bloom 
stage .and biological yield at harvest of Ajowain 
(Carum copticum Benth.) 
Treatments Number of Number of Biological yield 
(kg/ha) umbels/branch umbellets/umbel (kg/ha) 
NQP^QK^Q 13.66 9.00 4155.0 
^20^40^40 14.00 10.00 2545.0 
^40^40^40 ^^-^^ ^2.00 4630.0 
^60^0^40 ^^'^^ ^^-^^ ^"^^^'^ 
^40^0^40 14.00 12.00 4918.3 
N.„P_„K.„ 15.33 11.66 3026.6 40 20 40 
^40^60^40 ^^-^^ ^2.66 4498.3 
N.nP>,nKn 15.66 11.33 4603.3 40 40 0 
N.nP^nKnn 16.00 12.00 3491.6 
40 40 20 
N.r,P/,nK^ n 15.00 11.33 3798.3 40 40 60 
C D . at 5% 1.59 1.83 N.S, 
N.S. = Non-significant 
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followed the highest seed yield recorded in N-_P.-K.^. 
4.1-2.4 Biological yield (kg/ha) 
Table 15 reveals that the effect of treatments on 
biological yield was non-significant. 
4.1.2.5 Oil yield (kg/ha) 
Another important yield attribute of Ajowain is 
total essential oil yield production, which was found to 
be significantly affected by fertiliser treatments (Table 
16). The maximum oil yield (27.6 kg/ha) was obtained in treat-
ment ^^60^40^40 ^"^ *^^ lowest (9.85 kg/ha), in treatment 
NQP.QK.Q. The best treatment (N^-P.QK.Q) showed 180.6% increase 
in oil production over that in treatment N„P.„K.„ and 102.5 
and 26.2% over the oil yields of 13.6 and 21.9 kg/ha noted 
in treatments ^ P K.„ and N.„P.QKQ respectively. It is note-
worthy that the effect of treatment ^(.Q^AQ^AQ ^^^ critically 
different from that of the remaining treatments. 
4.1.3 Quality parameter 
Todetermine the quality of seeds (fruits), the follo-
wing parameter was studied in freshly harvested seeds. These 
values were used by computation with seed yield/ha (4.1.2.3). 
The essential oil yield/ha was noted in the last section 
(4.1.2.5 ). 
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4.1.3.1 Oil content of seed 
It is evident from a perusal of Table 16 that oil 
percentage in seed was significantly affected by fertiliser 
treatments. The highest oil content (5.6%) was noted in treat-
ment N-^P.„K.„ and the lowest (2.4%), in N„P.„K._. Treatment 
60 40 40 0 40 40 
N,-P.»K.^ was found responsible for an increase of 130.2% 60 40 40 
in seed essential oil content over that in N„P.„K.-. and of 
77.8 and 19.1% over the values noted in treatments N.„P_K.^ 
and N._P.„K„ respectively. Treatment N.-,P,„K«n which closely 40 40 0 40 60 40 -^  
followed the treatment N,„P.„K.„, were statistically equal 
to each other. 
Table 16: Effect of ten NPK combinations on Seed and oil 
yield and oil quality at harvest of Ajowain (Carum 
capticum Benth.) 
Treatments 
(kg/ha) 
^0^40^40 
M P V 
20 40 40 
^40^40^40 
^60^40^40 
^40^0^40 
^40^20^40 
^40^60^40 
^40^4 0^0 
"^40^40^20 
^40^0^60 
Seed yield 
(kg/ha) 
405.0 
445.0 
496.6 
493.3 
433.3 
463.3 
493.3 
466.6 ~ 
475.0 
453.3 
Oil yield 
(kg/ha) 
9.85 
10.61 
18.29 
27.64 
13.65 
16.16 
27.44 
21.90 
22.30 
15.29 
Oil 
see 
content of 
d (%) 
2.433 
2.833 
3.683 
5.600 
3.150 
3.483 
5.566 
4.700 
4.733 
3.366 
C D . at 5% 27.36 1.76 0.302 
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Experiment 2 
4.2 General 
This experiment on Lallemantia royleana Benth. (Tukhm-
e-balanga) was conducted according to a simple randomised 
block design. The aim of the trial was to determine the effect 
of ten combinations of nitrogen, phosphorus and potassium 
(V40^40' ^20^0^40' ^40^40-^40' ^60^40^40' '^40^0^40' ^40^20^40' 
^40^60^40' ^40^40^0' ^40^40^20 ^"^ ^40^40^60^ °^ growth, 
yield and quality of the crop. The growth parameters were 
studied at full bloom stage and yield and quality parameters 
at harvest. They are described separately in the following 
pages. 
4.2.1 Growth parameters 
The following root and shoot parameters were studied 
at full bloom stage (Tables 17 to 19). 
4.2.1.1 Root length 
The root length of Tukhm-e-balanga was significantly 
affected by the treatments (Table 17). The longest roots 
were produced in treatment ^40-^60^40 ^^'^ ^^^ shortest, in 
N.AP/IAK^A- Treatment N.«P,„K.rt enhanced the length of the 40 40 60 40 60 40 
root by 89.7% over those in treatment N.QP.QK,- and by 34.4, 
46.4 and 22.4% over treatments ^QP^QK^Q, N^O^0^40 ^^^ ^^40^40^0 
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respectively. The best treatment (N_^o^60^40 ^' ^°^^'^^^' PJ^oved 
to be at par with tretment ^40^40^20* Similarly, treatments 
^40^40^60 ^^^ ^40^40^40 ^®^^ found statistically equal to 
each other in their effect on this parameter. 
4.2.1.2 Root fresh weight 
Table 17 indicates that the fresh weight of root was 
significantly affected by the treatments. Treatment N.„P,„K.„ 
4 U D(J 4 U 
produced the heaviest roots whereas the•lightest roots were 
formed in N^QP^QK -It was noted that treatment ^40-^60^40 
increased root fresh weight by 198.2% over the value in 
treatment N^o^40^60 ^"^ ^^ 119.4, 91.2 and 39.5% over treat-
ments NQP^QK^Q, N^QPQK^Q and N^^P^QK^ respectively. The effect 
of N.QP K.„ and N.QP.QK-^ was however, noted to be at par 
while treatments ^20^AQ^AQ "^*^  ^40^40^fin ^^^® statistically 
equal to each other. 
4.2.1.3 Root dry weight 
It is evident from Table 17 that dry matter production 
by roots was significantly affected by the treatments. 
Treatment N.„P^QK.Q increased the dry matter production most, 
giving 304.7% increase over the lowest value produced in 
N.QP.QK, . It also showed an increase in dry weight of root 
to the tune of 84.4, 89.9 and 51.4% over the treatments 
•^0^40^40' ^40^0^40 "^^ ^ "^40^40^0 respectively. However, the 
Table 17: Effect of ten NPK combinations on length, fresh 
weight and dry weight of root per plant at full 
bloom stage of Tukhm-e-balanga (Lallemantia royleana 
Benth.) 
T r e a t m e n t s 
( k g / h a ) 
^0^40^40 
N P K 20 40 40 
N P K 40 40 40 
N P K 60 40 40 
N P K 40 0^40 
N P K 40 20 40 
N P K 40 60 40 
^40^40^0 
^40^40^20 
^40^40^60 
Length 
(cm) 
10 .16 
8 .50 
8 .50 
1 0 . 8 3 
9 .33 
9 .16 
13 .66 
11 .10 
12 .00 
7 .20 
F r e s h w e i g h t 
( g ) 
2 .219 
1.939 
2 .392 
3 .918 
2 .546 
2 .045 
4 .868 
3 .490 
4 .200 
1.633 
Dry w e i g h t 
( g ) 
0.834 
0 .680 
0 . 7 8 1 
1 .171 
0 .810 
0 .620 
1.538 
1.016 
1.368 
0 .380 
C D . at 5 = 2.33 0.713 0.488 
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effect of treaments N^QP^QK2Q and N^QP^QK^^ was at par as 
was also that of treatments ^40^20^40 ^"^ ^ 40^40^60* 
4.2.1.4 Shoot length 
The shoot length of Tukhm-e-balanga was significantly 
affected by the treaments (Table 18). Maximum shoot length 
was produced in ^^0^40^40 ^"^ minimum in N^o^40^60' "^ ^^ ^^  
was 12.2% increase over the lowest value noted in 1^40^40^60' 
Treatment ^^40^40^40 increased 12.5, 10.5 and 8.3% over the 
values in treatments ^0^40^40' ^40^0^40 ^^^ ^^40^40^0 respec-
tively. The effect of N^o^40^60 ^"^ ^20^40^40 "^^ found stati-
stically at par. 
4.2.1.5 Shoot fresh weight 
Table 18 clearly shows that the fresh weight of Tukhm-
e-balanga shoot was significantly influenced by the 
treatments. The shoot fresh weight was maximum in treatment 
^40^60^40 ^^^ minimum in N^^P^QK^Q, the difference being 
539.5%. The treatment N^o^60^40 •^'"^ ° s^°^e^ ^^ increase of 
97.6, 129.2 and 27.9% over treatments NQP^QK^Q, N^o^0^40 ^^^ 
N.„P.QKQ respectively. However treatments ^40^0^40 ^"^ 
N^nP.,^K,„ were statistically equal to each other in their 40 40 60 J -^  
effect on this parameter. 
4.2.1.6 Shoot dry weight 
A perusal of Table 18 clearly establishes that shoot 
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dry matter production was significantly affected by the 
treatments. The maximum dry matter was produced in shoots 
of treatment ^40^60^40 ^^^"^9 431.7% more than that noted 
in N.j,P,j,K,„ that gave the minimum value for this parameter. 
The increase in N^QP^QK^Q over NQP^QK^Q, N^QPQK^Q and N^QP^QKQ 
was 133.3, 167.5 and 47.4% respectively. Both treatments 
N.„P,„K.„ and N.„P.„K,Q were critically different from others 
in their effect on dry matter production by shoot. 
4.2.1.7 Number of branches per plant 
The branching of this plants was significantly affected 
by the applied treatments (Table 18). Treatment N.-P^^K.„ 
produced the maximum number of branches whereas the minimum 
value was noted in N.-P.-K,^. Treatment ^40^60^40 increased 
the branching' by 244.3% over N.^P.QK,^. and by 40.9, 51.2 
and 21.5% over treatments NQP^^K^Q, N^o^0^40 ^"^ ^40^40^0 
respectively. However, treatment N.^P.„K_„ was noted to be 
at par with the best treatment i.e. N.„P,„K,^. 
40 50 40 
4.2.2 Yield parameters 
As is evident from Table 19, the effect of the treat-
ments on yield parameters was mostly significant. 
4.2.2.1 Number of buds per branch 
The maximum number of buds • per branch was found in 
Table 18: Effect of ten NPK combinations on length, fresh 
weight, dry weight of shoot and number of branches 
per plant at full bloom stage of Tukhm-e-balanga 
(Lallemantia royleana Benth.) 
Treatments Length Fresh weight Dry weight Number of 
(kg/ha) (cm) (g) (g) branches/ 
plant 
N P K 0 40 40 
^^20^40^40 
N P K 40 40 40 
^60^40^40 
^40^0^40 
^40^20^40 
^40^60^40 
^^40^40^0 
^40^40^20 
^^40^40^60 
C D . a t 5% 
77 .40 
6 9 . 3 3 
77 .80 
73 .53 
70 .40 
7 4 . 2 6 
7 4 . 3 3 
71 .86 
74 .60 
6 9 . 3 3 
3 .29 
2 0 5 . 0 
2 0 0 . 0 
2 0 6 . 6 
3 5 0 . 0 
176 .6 
1 9 8 . 3 
4 0 5 . 0 
3 1 6 . 0 
370 .6 
6 3 . 3 
2 2 . 5 1 
6 0 . 0 
5 4 . 0 
5 5 . 0 
1 1 6 . 0 
5 2 . 3 
6 2 . 3 
" 1 4 0 . 0 
9 5 . 0 
1 1 9 . 6 
2 6 . 3 
18 .12 
14 .66 
13 .00 
1 4 . 6 6 
1 7 . 3 3 
1 3 . 6 6 
1 3 . 3 3 
- 2 0 . 6 6 
1 7 . 0 0 
1 8 . 3 3 
6 .00 
2 . 8 0 
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treatment N.„P-„K._, and the minimum in N.f.P_r.K,n« Treatment 40 60 40 40 20 40 
N.QP^QK.Q increased the bud number by 22.2% over treatment 
N.„P_QK._ and by 19.5, 3.7 and 12.2% over the treatment 
^0^40^40' ^40^0^40 "^"^  ^40^40^0 ^respectively. However, treat-
ment ^40^40^40 was at par with N.„P,-K.„ in bud production, 
whereas, treatment N.„P_„K._ which produced the lowest number 
of buds was noted to be critically different from all other 
treatments in its effect on the number of biids per branch. 
4.2.2.2 Seed yield (kg/ha) 
It is clearly shown by Table 19 that the most important 
yield parameter (seed yield) was significantly affected by 
the treatments. ^4o^fin^4n 9^ "^ ^ the highest seed yield of 
1,056.0 kg/ha and the lowest yield (606.0 kg/ha) was noted 
in N.„P.„K-„. Thus, ^40^60^40 increased the seed yield by 
74.2% over N.„P.„K^_ and by 25.7, 35.6 and 8.3% over the 40 40 60 
values noted in treatments NQP^^K^^, N^O^0^40 ^"^ ^40^40^0 
respectively. The effect of N.„P,„K.„ was critically different 
from rest of the treatments. 
4-2.2.3 Biological yield (kg/ha) 
The biological yield of this plant was not significantly 
affected by the treatment (Table 19). 
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4.2.3 Quality parameter 
For the study of seed quality only one characteristic 
was selected. The effect of treatments on this parameter 
is considered below. 
4.2.3.1 Swelling factor 
The mucilage content of seeds determined by determining 
their swelling factor, was found to be significantly affected 
by the treatments (Table 19). The maximum swelling was noted 
in treatment "^40^60^40 (equalled by ^^40^40^20^ ^^^ 17.3% 
more than the minimum value given by N^P._K.„, ^40^60^40 
also enhanced the swelling factor by 12.9 and 5.2% over treat-
ments N.„P„K.„ and N._P.j,K„ respectively. Treatments N„P^^K.„ 
and N_„P.„K.„ were found to be at par with each other for 
the swelling factor of seed. 
'-^^^J-
t^ v^iS :^^ ' 
Table 19: Effect of ten NPK combinations on number of buds/ 
branch at full bloom stage and biological yield, 
seed yield and swelling factor at harvest of Tukhm-
e-balanga (Lallemantia royleana Benth.) 
Treatments Number of Seed yield Biological Swelling 
(kg/ha) buds/branch (kg/ha) Yield factor of 
(kg/ha) seeds(ml) 
N P K 
"^0^ 40 40 
^^20^40^40 
^40^40^40 
^60^40^40 
^^40^0^40 
^40^20^40 
^^40^60^40 
^40^40^0 
^40^40^20 
^40^40^60 
92.0 
96.0 
100,0 
100.0 
106.0 
90.0 
110.0 
98.0 
100.0 J 
105.3 
840 
845 
860 
1020 
781 
836 
1056 
975 
998 
606 
4730.0 
5371.6 
4166.6 
5760.0 
4481.0 
4392.6 
4592.6 
5321.6 
5144.6 
3556.0 
17.33 
17.33 
19.00 
19.33 
18.00 
18.33 
20.33 
90.33 
20.00 
18.66 
C D . at 5^  12.0 32.9 N.S, 1.57 
N.S. = Non-significant 
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Experiment 3 
4.3 General 
This experiment on Plantago ovata Forsk. (Isubgol) 
was conducted according to a simple randomised block design 
to determine the effects of nine combinations of basally 
applied nitrogen, phosphorus and potassium (N„P^K„, N_„P_„K^„, 
^20^20^40' ^20^40^20' ^20^40^40' ^^40^20^20' ^40^20^40' 
N..P.-K_„ and N - Q P . Q K . _ ) . The parameters were studied at 
full bloom stage and harvesting stages. The details of each 
of the parameter studied are given separately in the following 
pages. 
4.3.1 Growth parcumeters 
The growth parameters, namely root and shoot length, 
fresh weight and dry weight and culm number per plant were 
studied at full- • bloom stage. The data were statistically 
analysed and most of them were found to be significant (Table 
20 to 23). 
4.3.1.1 Root length 
The plant root length was not affected significantly 
by the treatments (Table 20). 
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4.3.1.2 Root fresh weight 
Similarly the effect of treatments was found to be 
non-significant on root fresh weight (Table 20). 
4.3.1.3 Root dry weight 
The dry weight of root of Isubgol was found to be 
significantly affected by the treatments (Table 20). The 
maximum dry matter production was noted in ^AQ^AQ^AO ^^^ 
the minimum, in N2QP2QK2Q. The root dry weight in ^^QP^QK^Q 
was 56.4% more than that in N^QPJQK-Q, and 43.1% more than 
in the no-nurtient (N-P K„) control. Treatment which was 
at par in its effect with N_QP2QK2Q. Treatment ^40^20^20' 
^40^40^20 ^"^ ^40^20^40 ^^^^ ^^ P^ "" ^ ^^^ ^40^40^40' 
4-3.1.4 Shoot length 
The shoot length of the plant was significantly 
affected by the treatments (Table 21). The maximum length 
was noted in treatment N.^P.^K.^ while the minimum was in 
NQPQK the control. Treatment N^QP^QK^Q increased the shoot 
length by 11.9% over N^P K„, the control. Two other treatments 
i.e., N2QP20K40 and N^o^20^40' ""^ "^ ^ ^ * ^^"^ "^^^^ ^O^O^O* 
4.3.1.5 Shoot fresh weight 
It is evident from Table 21 that the fresh weight 
Table 20: Effect of nine NPK combinations on length, fresh 
weight and dry weight of root per plant at full 
bloom stage of Isubgol (Plantago ovata Forsk.) 
Treatments 
(kg/ha) 
^O^O^O 
^20^20^20 
^20^20^40 
^20^40^20 
^20^40^40 
^40^20^20 
^40^20^40 
^40^40^20 
^40^40^40 
Length 
(cm) 
7.98 
8.61 
7.30 
8.79 
8.66 
8.37 
8.05 
8.05 
9.88 
Fresh weight 
(g) 
0.691 
0.780 
1.135 
0.689 
0.914 
1.072 
0.830 
1.126 
1.011 
Dry weight 
(g) 
0.2804 
0.2566 
0.3428 
0.3287 
0.3436 
0.3517 
0.3335 
0.3447 
0.4013 
C D . at 5% N.S. N.S. 0.0830 
N.S. = Non-significant 
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of shoot was significantly affected by the treatments. The 
maximum fresh weight was found in treatment N.-P.^K.- and 
= 40 40 40 
the minimum, in ^20^40^20* Treatment ^40^40^40 increased 
the shoot fresh weight by 39.0 and 34.2% over treatments 
N_^P.„K_„ and N^P-K„ control respectively. Treatments 
^^40^20^20 ^^ '^  ^40^40^20 "^^^^ statistically equal to N4o^40^40 
in their effect, while treatment N__P.-K-j„ was at par wi th 
NQPQKQ (control). 
4.3.1.6 Shoot dry weight 
Like fresh weight of shoot, the effect of treatments 
on shoot dry matter production also was found to be statisti-
cally significant (Table 21). Treatment N._P._K.„ gave the 
highest value. The lowest value was noted in N.^P-^K-^. 
^ 40 20 20 
Treatment -N._P.^K.^ enhanced shoot dry matter production 
by 115.7 and 112.9% over ^AQP20^2Q ^^^ ^O^O^O ^^spectively. 
Treatment N.^P- K_„ and N^P„K^ gave the' lowest (statistically 
equal) values. Similarly, treatments ^40^40^20' ^20^20^40' 
^20^40^40' ^20^40^20 '^'^  ^20^20^40 ^^^^ ^* ^^^ ^^^^ ^^^^ 
other. 
4.3.1.7 Culm number per plant 
The culm number per plant was significantly affected 
by the treatments applied (Table 22). Treatment N.„p K- gave 
"^0 40 40 
Table 21: Effect of nine NPK combinations on length, fresh 
weight and dry weight of shoot per plant at full 
bloom stage of Isubgol (Plantago ovata Forsk.) 
T r e a t m e n t s 
( k g / h a ) 
No^O^O 
^ 2 0 ^ 2 0 ^ 2 0 
^^20^20^40 
^ 2 0 ^ 4 0 ^ 2 0 
^^20^40^40 
N P K 40 20 20 
^ 4 0 ^ 2 0 ^ 4 0 
N P K 
40 40 20 
^ 4 0 ^ 4 0 ^ 4 0 
L e n g t h 
(cm) 
2 3 . 3 3 
2 4 . 9 8 
2 4 . 0 9 
2 5 . 0 5 
2 4 . 5 5 
2 4 . 6 6 
2 5 . 2 7 
2 5 . 5 5 
2 6 . 1 0 
F r e s h w e i g h t 
( g ) 
4 3 . 7 2 
4 7 . 7 6 
4 9 . 7 7 
4 2 . 2 1 
5 0 . 9 9 
5 7 . 9 9 
5 1 . 6 6 
5 4 . 1 0 
5 8 . 6 6 
Dry w e i g h t 
( g ) 
7 . 5 9 
8 . 1 6 
8 . 4 4 
9 . 1 0 
9 . 4 3 
7 . 4 9 
9 . 9 4 
1 0 . 4 2 
1 6 . 1 6 
C D . at 5% 1.95 5.41 2.02 
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the maximum culm number, whereas the lowest culm number was 
noted in N„P„K„, the control. The sprouting in N.^P.„K.„ 
was 4 0.8% more than in the no NPK control. Treatments 
^20^20^20 ^"^ ^20^20^40 ®^-'^ ® ^^ P^^ with NQPQK„, the control. 
4.3.2 Yield parameters 
Four yield parameters were taken into consideration. 
These were mostly affected significantly. .The data (Tables 
22 to 23) are discussed separately below. 
4.3.2.1 Number of spikes per plant 
Spike number/plant was significantly influenced by 
treatments (Table 22). Treatment ^4n'^4n^4n produced the 
maximum spikes while the minimum was noted in the no fertili-
ser control (N^P^K„). Treatment N.„P.-„K.^ increased the spike 
number by 49.5% over the control (N„P„K„). However, treatment 
^20^40^20 ^^^ noted to be at par with N^P^KQ, while treatments 
^40^40^20' ^20^20^40' ^20^40^40 ^"^ ^40^20^20 ^^^^ ^^"^^ 
*° ^ 40^40^40-
4.3.2.2 Spike length 
This parameter was also significantly affected by 
the treaments (Table 22). The longest spikes were produced 
in treatment N.„P.„K.„ and the shortest, in the control 
Table 22; Effect of nine NPK combinations on culm number, 
spike length and spike number per plant at full 
bloom stage of Isubgol (Plantago ovata Forsk.) 
Treatments 
(kg/ha) 
Culm number Spike length Spike number 
(cm) 
^20^20^20 
^20^20^40 
N P K 
•^20^40^40 
^^40^20^20 
^40^20^40 
^^40^40^20 
•^40^40^40 
7 . 1 0 
7 . 9 9 
8 . 2 2 
9 . 3 3 
8 . 8 8 
9 . 5 5 
9 . 5 5 
9 . 7 7 
1 0 . 0 0 
3 . 2 1 
3 . 4 4 
4 . 0 3 
4 . 0 5 
4 . 0 5 
3 . 6 6 
3 . 7 4 
4 . 0 7 
4 . 4 9 
1 9 . 6 
2 0 . 3 3 
2 0 . 3 3 
2 0 . 0 0 
2 6 . 0 0 
2 4 . 0 0 
2 6 . 0 0 
2 8 . 3 3 
2 9 . 3 3 
C D . a t 5% 1 . 6 3 0.45 6 . 0 0 
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(NQPQKQ). The treatment N.„P.QK.Q increased the average length 
of spike by 39.9% over that of the control ( N Q P - K „ ) . However, 
other treatments N^o^40^20' ^20^40^40 "^'^  ^20^40^20 Produced 
shorter spikes than ^40^40^40' ^^^ they were statistically 
at par. Similarly, treatments N_QP_^K_- and N^P.K„ were also 
found equal to each other in their effect on vertical growth 
of the spike. 
4.3.2.3 Seed yield (kg/ha) 
A perusal of Table 23, shows that seed yield, which 
is the most important yield parameter of. this plant, was 
significantly affected by the treatments. Treatment N.„P.„K.„ 
=> -^  -2 40 40 40 
produced the highest yield of 890 kg/ha whereas the lowest 
yield (610 kg/ha) was noted in NQPQK„. Treatment N.QP.^K.Q 
increased the yield by 45.9% over the control N„P_K„.. However, 
treatment ^^20^40^40 ^^^ found to be at par with ^An^Ao^An 
J.,,, in seed production. The rest of the treatments were at par 
with each other with regard to this parameter. 
4.3.2.4 Biological yield (kg/ha) 
The biological yield of Isubgol was non-significantly 
affected by the applied treatments (Table 23) which implied 
that, under the conditions of experiment nutrient application 
had little effect on total productivity of the crop. 
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4.3.3 Quality parameter 
As mentioned earlier (p. 34 ) Isubgol seed contains 
large quantities of mucilage and its husk is mainly respon-
sible for the medicinal value attributed to it. The water 
absorbing capacity of the husk and seed determines the quality 
of the crop. 
4-3.3.1 Swelling factor 
The swelling factor of seeds was found to be signi-
ficantly affected by the treatments (Table 23). There was 
a linear increase in the swelling factor as the NPK dose 
in the various combinations increased. The highest value 
was noted in the treatment N.-,P.„K.n and the lowest in the 
40 40 40 
control (Np,P„K^), Treatment N.^P._K.„ increased the swelling 
.0 0 0 4 0 4 0 4 0 • 
factor by 11.1% over the control (N_P-.K„). Treatments 
^40^20^20' ^20^40^40 ^""^ ^20^20^20 ^^^^ ^* P^^ ^^*^ ^^""^ 
other, whereas treatments ^40^20^40 ^"^ ^40^40^20 ^®^® ^* 
par with the best treament, i.e. N.„P^^K.Q. 
Table 231 Effect of nine NPK combinations on seed yield, 
biological yield and swelling factor at harvest 
of Isubgol (Plantago ovata Forsk.) 
Treatments Seed yield Biological yield Swelling factor 
(kg/ha) (kg/ha) (kg/ha) (ml) 
NQPQKQ 610.0 3466.6 12.00 
^20^20^20 680.0 3028.3 12.66 
^20^20^40 713.3 3538.3 12.33 
^20^0^20 ^55.0 2716.6 12.53 
N^„P^^K^„ 880.0 3215.0 12.66 20 40 40 
N P QK-Q 800.0 3095.0 12.66 
^40^20^40 830.0 3020.0 12.96 
^40^40^20- ^^ -^-^  ^^^^"^ ^^'^^ 
^40^40^40 ^^°-° ^^^2-2 ^^-^^ 
C D . at 5% 58.9 N.S. 0.45 
N.S. = Non-significant 
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Experiment 4 
4.4 General 
This experiment was conducted according to a factorial 
randomised block design to study the effect of three basal 
doses each of nitrogen and phosphorus (20, 40 and 60 kg/ha) 
separately as .well as their interaction on growth of Ajowain 
(Carum copticum Benth. ) at full bloom stage, and on its yield 
and quality at harvest. A uniform basal dose of 40 kg K/ha 
was applied with each N and P combination at the time of 
sowing. The performance of the crop was assessed by deter-
mining the same growth, yield and quality parameters as in 
Experiment 1 on this crop. The data for each characteristics 
are given separately below (Tables 24 to 30). 
4.4.1 Growth parameters 
The growth parameters were studied "at full bloom stage. 
The data (Tables 24 to 27)- clearly show that the effect of 
nitrogen, phosphorus alone as well as in combination had 
significant effect on most of the parameters. The details 
of each growth parameter are given below after subjecting 
the data to statistical analysis to determine their signi-
ficance. 
85 
4.4.1.1 Root length 
It is evident from a perusal of Table 24 that only 
the effect of nitrogen and phosphorus separately was signi-
ficant. Treatment N_„ produced maximum root length and N. 
produced the shortest roots. Treatment N2Q increased the 
root length by 31.9% over the lowest value observed in N^Q. 
The effect of N-„ was critically different from the other 
two treatments. 
Like nitrogen, phosphorus also had significant effect 
on root length. Treatment P.^ (being at par with P20) produced 
the longest roots and P/-o, the shortest. Treatment P,Q 
increased the root length by 13.5% compared with the shortest 
roots produced in treatment Pgn* The interaction effect of 
nitrogen anrd phosphorus was non-significant. 
4.4.1.2 Root fresh weight 
Table 25 indicates that neither nitrogen and phosphorus 
alone nor their interaction had significant effect on root 
fresh weight. 
4.4.1.3 Root dry weight 
A perusal of Table 25 shows that the root dry weight 
was not affected significantly by nitrogen. However, phos-
phorus significantly affected the root dry weight. P20 ^^s 
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responsible for maximum dry matter production by roots; but 
its effect was at par with that of P^Q. On the other hand, 
Pg^ gave the minimum value for this parameter. Treatment 
P2Q increased the dry weight by 41.4% over P^ rn. Nitrogen 
and phosphorus interaction also had significant effect on 
root dry weight. N^^ X Pp„ produced the maximum value, while 
N._ X P__ produced the lowest root dry weight. Treatment 
Np^ X P__ increased the root dry weight by 220.1% over N.„ 
X Ppn* Treatment N_Q X PJQ was found to be critically 
different from the other treatments in its effect on this 
parameter. Among the other treatments, N.» X P,^ and 
N_„ X P,„ had statistically equal effect to that of N.„ X P-,Q. 
4.4.1.4 Shoot length 
Shoot length was significantly affected by nitrogen 
application. Treatment N_„ produced the longest shoot and 
N.„, the shortest. N_„ increased the shoot length by 14.5% 
over N.„. The effect of N-- was critically different from 
that of the other two nitrogen levels whereas, treatments 
N.„ and N,„ were at par (Table 24). Phosphorus application 
did not affect this parameter significantly. 
However, nitrogen X phosphorus interaction signifi-
cantly affected the shoot length of Ajowain. The combination 
Np^ X Pp(-, was responsible for the maximum enhancement in 
shoot length, l^^^ X P-^ increased the shoot length by 21.8% 
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over the lowest value noted in N.Q X P^ r,. It is noteworthy 
that the interaction N_„ X P.„ was at par with the most effec-
tive interaction (N_» X P^o^" Similarly, the other interactions 
were at par with N.Q X P,„ (Table 24). 
4.4.1.5 Shoot fresh weight 
Nitrogen and phosphorus alone as well as their intera-
ction significantly affected the fresh weight of shoot, as 
is evident from Table 26. 
Treatment N,„ and N2Q had maximum but equal effect on 
shoot fresh weight. It was minimum in N._. The best treatments 
(N,„ and N_-) increased the shoot fresh weight by 12.1% over 
N.„. Phosphorus also had significant effect on shoot fresh 
weight. Treatment P.p. produced the heaviest shoots. The value 
for P,„ was the minimum. Tr.eatment P.^ increased the shoot 60 40 
fresh weight by 37.9% over P-rn- Treatment P^^ and P,„ were, 
however, „ at par in their effect on the fresh weight of the 
shoot. 
Nitrogen X phosphorus interaction had significant effect 
on shoot fresh weight. N.^ , X P.- produced the maximum shoot 
fresh weight, whereas the minimum value was noted in 
N^n X P.rv- The interaction N.- X P._ increased the shoot 50 40 40 40 
fresh weight by 152.5% over the interaction N,„ X P.^  The 
other interactions (N_„ X P.„ and N,„ X P.^) were found at 
20 40 60 40 
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par with each other in their effect on the fresh weight 
of shoot. 
4.4.1-6 Shoot dry weight 
Nitrogen and phosphorus alone as well as their 
interaction had significant effect on shoot dry weight 
(Table 26). The maximum dry matter production was noted 
in treatment N^^ (equalled by N^Q) and the minimum, in N.,.. 
Treatment N,„ increased dry matter production by 14.1% over 
N,„. Phosphorus application also affected shoot dry weight 
significantly. The maximum shoot dry weight was noted in 
P.„ and the minimum, in P^^. Treatment P.^ increased the 40 60 40 
shoot dry weight by 47.4% over P/-o. The effect of P.^ treat-
ment was found critically different from the other two 
treatments. ? 
Nitrogen X phosphorus interaction significantly 
affected dry matter production by shoot. Interaction N. „ 
X P.„ produced maximum shoot dry weight and N.„ X P/-Q, the 
minimum. The interaction N._ X P,„ increased dry matter 
40 50 
production by 186.5% over N.„ X P^ -n- The effect of N.Q X P.Q 
was found critically different from those of the remaining 
interactions, but the interactions N.„ X P,„ and N. „ X P^Q 
were at par with each other. 
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4.4.1.7 Number of branches per plant 
Nitrogen application did not affect the production 
of branches significantly. 
But phosphorus application significantly affected 
the branching of the plant. The maximum number of branches 
was found in treatment P.„ and the minimum, in P^n- Treatment 
4U bU 
P.„ increased • the branch number by 63.5% oyer P^-r,- However, 
treatment P_^ was found at par with P^o. 
Nitrogen X phosphorus interaction did not have signi-
fincant effect on number of branches per plant (Table 27). 
4.4.2 Yield parameters 
Data given in Tables 28 to 30 showed that almost 
all yield parameters were significantly affected by nitrogen 
and phosphorus alone and by their interaction. The details 
of each yield parameter are discussed below. 
4.4.2.1 Number of umbels per branch 
Nitrogen application significantly affected the 
number of umbels per branch (Table 28). Treatment N,„ produced 
the maximum number of umbels while the minimum number was 
noted in N_„. Treatment N,„ increased the number of umbels 20 50 
by 31.5% over N^„. It may be noted that treatments N^Q and 
Table 27: Effect of nitrogen and phosphorus on number of branches 
per plant at full bloom stage of Ajowain (Carum 
copticum Benth.) 
Number of branches/plant 
Nitrogen Phosphorus (kg P/ha) 
(kg N/ha) 
20 40 60 Mean 
20 12.44 7.10 8.55 9.36 
40 7.11 16.66 5.99 9.92 
60 9.44 13.10 7.99 10.17 
Mean 9.66 12.28 7.51 
N.B. A uniform basal dose of 40 kg K/ha was applied 
N.S. = Non-significant 
C D . at 5% 
Nitrogen (N) N.S. 
Phosphorus (P) 3.23 
N X P N.S. 
90 
N.-. were at par with each other in their effect on this 
parameter. Phosphorus had significant effect on the number 
of umbels/branch. The treatment P-^ produced maximum number 
of umbels whereas the minimum number was noted in P^^. 
40 
Treatment P^„ increased umbels/branch by 4 7.4% over P^ f,. P^ r^, 
was found critically different from the rest of the phosphorus 
treatments. The treatments P.„ and P,„ were found at par 
in their effect. 
Nitrogen X phosphorus interaction effect was found 
significant on umbels/branch. N,„ X P.^ , produced maximum 
number of umbels/branch and the minimum number was noted 
in N-,„ X P.r,- Interaction N, „ X P.„ increased umbels number 20 40 60 40 
by 64.5% over the number produced in N_^ X P^ rv. The effect 
of N,_ X PT„ was found to be at par with N,„ X P^^^ whereas 50 20 - . 60 40 
the other interactions (N2Q X P-Q and N2Q X Pgn) were also 
statistically equal in their effect. 
4.4.2.2 Number of umbellets per umbel 
Nitrogen application did not have significant effect 
on the number of umbellets/umbel (Table 28). 
Unlike nitrogen, however, phosphorus had significant 
effect on the number of umbellets/umbel. Treatment P^^ 
produced maximum number of umbellets and the minimum number 
was noted in P^ The treatment P2Q increased umbellets/ . 
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umbel by 10.8% over the number produced in P^r.' The effect 
of P_„ was found critically different from that of the rest 
of the phosphorus treatments; but treatments P.,, and P^^ 
were found at par in their effect. 
Nitrogen X phosphorus interaction significantly 
affected the umbellets production in each umbel. Maximum 
umbellets were produced in N.„ X P-,|^  and minimum, in N-_ 
X P4Q. N.„ X P2Q increased umbellets production by 29.4% 
over the number produced in N_„ X PAQ- It may be added that 
the interactions N^ -, X P,-, and N_^ X P.- were found at par 
20 50 20 40 
with each other in their effect on this parameter. 
4.4.2.3 Seed yield (kg/ha) 
A perusal o-f Table 29_ clearly indicates that the 
application of nitrogen and phosphorus separately, as well 
as in combination, significantly affected seed production 
in Ajowain. The maximum seed yield (495 kg/ha) was noted 
in treatment N,^ and the minimum (399 kg/ha) in N^Q. Treatment 
N,„ increased seed yield by 25.5% over N_„, which gave the 
lowest value. Treatments N.„ and N,^ . were found at par in 
their effect. 
Phosphorus treatments significantly affected the 
seed yield. Maximum seed yield was given in P.„ and minimum, 
in PgQ. Treatment P.Q increased seed yield by 17.6% over 
92 
the yield in Pgn* Treatments Pg_ and P-„ were, however, 
found statistically equal in their effect; but P.„ was 
critically different from the remaining treatments in this 
respect. Nitrogen X phosphorus had significants effect 
on seed yield. N,, X ?.„ was found to be most effective. 
The lowest seed yield was noted in N^^ X P,„. N,,, X P.^ 
60 50 50 40 
interaction increased seed yield by 50.3% over N,„ X P,^. 
60 50 
The interactions N,^ X P,„ and N-,„ X P__ were found statis-
60 50 20 20 
tically equal to each other in their effect on seed produc-
tion. Similarly interactions N,„ X P.„ and N,„ X P_„ were 
60 40 60 20 
also at par with regard to this most important yield charac-
teristics . 
4.4.2.4 Biological yield (kg/ha) 
Neither nitrogen nor phosphorus alone nor their 
interaction had significant effect on biological yield of 
Ajowain as is evident from Table 29. 
4.4.2.5 Oil yield (kg/ha) 
Nitrogen application significantly influenced oil 
yield of Ajowain. The maximum oil yield (19.55 kg/ha) was 
noted in N,„ and minimum value (11.7 kg/ha) was given by 
N_-. Treatment N,„ increased oil yield by 56.8% over N-^. 
The effect of treatment Ng_ was found critically different 
from that of the other treatments. 
Phosphorus treatments also had significant effect 
on oil yield of Ajowain. Maximum oil yield (17.0 kg/ha) 
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was obtained in treatment P.„ and the minimum (14.34 kg/ha), 
in ^20' Treatment P.^ increased oil yield by 18.5% over 
P_Q. Treatment P,^ and P.^ were, however, found at par in 
their effect on oil yield. 
Nitrogen X phosphorus interaction had significant 
influence on the oil yield of Ajowain. Maximum oil yield 
(23 kg/ha) was obtained in N,,. X P.^ ^ and the minimum (9.62 
kg/ha), in N2Q X P2n« Interaction N _ X P.„ increased oil 
yield by 139.1% over N2Q X P2Q. N2Q X P2Q and N2Q X P^^ 
were found at par in their effect on oil production. It 
may be added that the interactions N,- X P.„ and N,^ , X P__ 
60 40 60 20 
were statistically equal in their effect (Table 30). 
4.4.3 Quality parameter 
The quality of seeds was studied by measuring their 
oil percentage. This parameter v/as used to compute the 
oil yield of the crop given above, the effect of the applied 
nutrients on this factor is described below. 
4.4.3.1 Oil content of seed 
The oil percentage of seeds was found to be signifi-
cantly affected by nitrogen doses. Maximum seed oil content 
(3.997%) was found in Ng^ and the minimum (2.966%), in N-^. 
Treatment N,- enhanced oil percentage by 34.1% over treatment 
N__. Treatment N,„ had critically different effect from 
94 
the other nitrogen levels. 
Phosphorus treatments also has significant effect 
on oil percentage of Ajowain seed. Maximum oil content 
(3.530%) was noted in P-_ and the minimum (3.166%), in P-,^!' 
bU ZV 
treatment P^ rn. thus, increased the oil content of seeds 
by 18.5% over the value noted in Pyr.- Treatment P,„ was 
critically different from other applied phosphorus levels 
in itsd effect on the oil content of seeds of Ajowain. 
Nitrogen X phosphorus interaction significantly 
affected the oil percentage of seeds. Maximum oil content 
(4.300%) was noted in N,- X P,„ and the minimum, (2.500%) 
DU DU 
in N_,„ X P-,n. The interaction N,„ X P,^ increased oil content 20 20 60 60 
of seeds by 72% over N_„ X P-j^ ,, which gave the lowest value. 
The interaction N,„ X P-„ was found critically different 
60 60 
from the rest of the interactions in its effect on oil 
percentage but was closely followed (3.94%) by treatment 
N,Q X P _ in this regard (Table 30). 
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Experiment 5 
4.5 General 
This experiment was performed according to a factorial 
randomised block design on Lallemantia royleana Benth. (Tukhm-
e-balanga) to study the effect of three doses each of nitrogen 
and phosphorus (40, 60 and 80 kg/ha) alone as well as together, 
on growth at full bloom stage, yield and quality of seed 
at harvest. A uniform dose of 40 kg K/ha was applied to each 
bed at the time of sowing alongwith the various nitrogen 
and phosphorus doses. The data are given in Tables 31 to 
36. The details of each parameter are given in the following 
paragraphs separately (Tables 31-36). 
4.5.1 Growth parameters 
The same growth parameters, that were studied in 
Experiment 2 on Tukhm-e-balanga, were studied at full bloom 
stage. The effect of various treatments on most of the para-
meters was found to be significant. They are described 
separately in the following pages. 
4.5.1.1 Root length 
It is clear from Table 31 that root-length was not 
affected significantly by nitrogen application. 
96 
However, phosphorus treatments significantly affected 
the root length. Maximum root length was noted in P.-^  and 
minimum^ in POQ- Treatment P.„ increased root length by 20.4% 
over Pan- The effect of P.^ , treatment was critically different 
from other treatments. 
Nitrogen X phosphorus interaction was found to have 
significant effect on root length. Maximum root length was 
produced in the interaction N.. X P._ and the minimum, in 
N.„ X PQQ. N._ X P.-. increased the root length by 56.6% over 
N.„ X Por,« However, the interactions N,„ X P,„ and N.„ X P„„ 40 80 60 60 40 80 
were found at par for root length. 
4.5-1.2 Root fresh weight 
It is evident from Table 32 that nitrogen application 
significantly affect'ed the fresh weight of root. Treatment 
N__ gave the highest fresh weight whereas the lowest was 
found in N,_. Treatment No„ increased the root fresh weight 
oU oU 
by 81.2% over N,-. The effect of No„ was critically different 
from that of other treatments. 
Like nitrogen, phosphorus application also signifi-
cantly affected the root fresh weight. On an average, the 
heaviest root was produced in treatment P,„ and the lightest, 
in PgQ. Treatment Pg^ increased the root weight by 64.0% 
97 
over the value produced in ?,,«. The effect of P,„ was 
80 60 
critically different from that of the other phosphorus 
treatments. 
Nitrogen X phosphorus interaction was also found 
to affect the root fresh weight significantly. Maximum root 
fresh weight was found in No„ X P,„ and minimum in N,„ X P,„ 
^ 80 60 60 60 
The interaction N_„ X P,„ increased the root fresh weight 
80 60 ^ 
by 360.7% over N,„ X P,„. The effect of No„ X P,„ was found 
60 60 80 60 
critically different from that of all other interactions. 
4.5.1.3 Root dry weight 
Table 32 indicates that dry matter production by 
root was significantly affected by nitrogen application. 
Maximum root dry weight was produced in N„_ and minimum, 
in N,„. Thus, treatment No„ increased the root dry weight 
by 50.0% over the lowest value noted in N,„. But treatment 
N.„ was statistically equal to NQ^, in its effect. 
Phosphorus application did not significantly affect 
the root dry weight of Tukhm-e-balanga. 
On the other hand, nitrogen X phosphorus interaction 
significantly affected dry weight of root. Maximum dry weight 
was noted in the interaction N.„ X P,„ and the minimum, in 
40 60 
N^n X Pen* The interaction NQ. X P,^ was found at par with 60 60 80 60 
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the interaction N.Q X Pg^ as were the other interactions 
N,„ X P,„ and N,- X P.Q with regard to the dry matter produc-
tion by Tukhm-e-balanga root. 
4.5.1.4 Shoot length 
Nitrogen application did not have significant effect 
on shoot length of this plant (Table 31). 
However, phosphorus application significantly affected 
shoot length. Maximum length was produced in Po„ and minimum 
in Pf-o- Treatment P^ ,. increased the shoot length by 13.1% 
over Prn' However, treatment P.„ and PQA were at par with 
DU 4U oV 
each other with regard to this parameter. 
Nitrogen X phosphorus interaction did not have signi-
ficant effect on shoot length. 
4.5.1.5 Shoot fresh weight 
Nitrogen application significantly affected the fresh 
weight of shoot. Treatment N^- produced the maximum shoot 
fresh weight, whereas the minimum was noted in N,„. Treatment 
NQ„ increased the fresh weight 49.0% over the value of N,_ 
treatment. The effect of treatment N„„ was found critically 
different from other treatments (Table 33). 
Phosphorus treatments produced the significant effect 
on shoot fresh weight. Maximum shoot fresh weight was produced 
99 
in PQQ and minimum, in P^Q. Treatment PQQ increased the fresh 
weight 21.8% over P^o, which produced the lowest value. It 
was also noted that Pg^ had critically different effect 
compared with other phosphorus doses. 
Nitrogen X phosphorus interaction significantly 
affected this attribute. Maximum shoot fresh weight was 
produced in Ng^ X P,Q and minimum, in N,„ X Pgn. The interac-
tion N„„ X P,„ enhanced shoot fresh weight by 279.4% over 
N,Q X PgQ, which gave the lowest value. The effect of N„_ 
X PgQ was critically different from that of all other N X P 
interactions. 
4.5.1.6 Shoot dry weight 
Table 33 clearly indicates that the shoot dry weight 
was significantly affected by nutrient application. Maximum 
shoot dry matter production was found in treatment Ng^ and 
minimum in N,„, among the nitrogen doses applied. Treatment 
No^ increased the shoot dry matter production by 57.3% over 
oU 
the N,_ value. The effect of N^^ was found critically different bU oU 
from that of the remaining nitrogen treatment. 
Phosphorus did not have significant effect on shoot 
dry weight. Nitrogen X phosphorus interaction significantly 
affected the shoot dry weight. Maximum dry matter of shoot 
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was noted in Nor, ^  ^^n interaction and the minimum, in 80 60 
N,„ X P^ r>- The interaction N--, X P^« increased the shoot 50 60 80 60 
dry matter by 307.0% over N-^ X P^Q- Ng- X Pg^ were found 
at par with N^Q X P-Q in its effect. Similarly, N,- X P,. 
and N.^ X P.^ were also equal to each other in their effect 
on this parameter. 
4.5.1.7 Number of branches per plant 
The number of branches per plant was found to be 
significantly affected by nitrogen treatments. Maximum number 
of branches were produced in treatment Ng„ and the minimum, 
in N,„. Treatment Ng^ increased branching by 35.7% over N,.. 
The effect of Ng^ , on branching was critically different from 
that of all other doses of nitrogen (Table 34). 
Phosphorus treatments 'did not affect this parameter 
significantly. Nitrogen X phosphorus interaction also did 
not affect the number of branching significantly. 
4.5.2 Yield parameters 
The same yield characteristics were studied in this 
trial as in Experiment 2 on Tukhm-e-balanga. These parameters 
were found to be significantly affected by nitrogen and 
phosphorus separately as well as by their interaction (Table 34 
to 35). Each parameter is discussed separately in the following 
paragraphs. 
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4.5.2.1 Number of buds per branch 
The number of buds/branch was significantly affected 
by nitrogen treatments (Table 34). Maximum number of buds 
was produced in treatment N„_ and the minimum, in Ng^. 
Treatment Ng^ increased the bud number by 19.7% over that 
produced in N,_. The effect of Ng» was found critically 
different from that of the other treatments; 
Phosphorus treatment also significantly affected 
the number of buds/branch. Maximum number was produced in 
P„„ and the minimum, in ^cn- Treatment Pg^ increased the 
bud number by 8.4% over the number produced in P^Q. However, 
treatment P.^ was at par with PQQ-
Nitrogen X phosphorus interaction had significant 
effect on bud production in Tukhm-e-balanga. Maximum number 
V-of buds was found in Ng„ X P^Q and the" minimum, in N,- X 
P-^. The interaction N^^ X P,„ enhanced bud production by 60 80 60 
29.2% over N^Q X P,Q. The other interactions (N^Q X PQQ and 
NgQ X P^Q) were at par with Ng^ X P^Q. 
4.5.2.2 Seed yield (kg/ha) 
A perusal of Table 35 clearly shows that seed yield, 
the most important yield parameter, was significantly affected 
by nitrogen application. Treatment Ng„ gave the highest seed 
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yield, whereas the lowest value was noted in N.„. Treatment 
N,„, which gaved highest yield (1014.99 kg/ha) increased 
it by 40.0% over the lowest yield (725.0 kg/ha), noted in 
treatment N.„. The effect of N^- was found critically different 40 60 
from that of the other nitrogen treatments. 
Phosphorus did not have significant effect on seed 
yield of this plant. Nitrogen X phosphorus interaction had 
significant effect on seed yield. The interaction Ng^ X P._ 
produced highest yield (1118.3 kg/ha), whereas the lowest 
seed yield (676.66 kg/ha) was noted in N.„ X ?/:«• The intera-
ction N,„ X P.„ increased seed yield by 65.2% over the lowest 
60 40 -^  •' 
value given by N.„ X Pz-r,. It may be noted, however, that 
the interaction N,„ X P^ ,^ was statistically equal to N _ 
X P.„ in its effect on seed production. 
4.5.2.3 Biological yield (kg/ha) 
Biological yield was significantly influenced by 
nitrogen treatments (Table 35). Maximum biological yield 
(4096.1 kg/ha) was noted in N,„ and minimum (3560.5 kg/ha), 
in N.„. Treatment N,„ increased this yield by 15.0% over 
N.Q treatment. The effect of N,„ was found critically different 
from that of the rest of the treatments. 
Phosphorus treatments were also found to significantly 
affect biological yield. Maximum yield (3911.10 kg/ha) was 
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given by P,„ and the minimum (3696.7 kg/ha), by POQ- Treatment 
P,„ increased the biological yield by 5.8% over Pof^ . Treatment 
P.„ was at par with P^ r,-
Nitrogen X Phosphorus interaction also had significant 
effect on biological yield. N-_ X P,„ produced the highest 
yield (4481.7 kg/ha). The lowest yield (3361.7 kg/ha) was 
noted in N.„ X Por.- Thus, N,„ X P^^ increased biological 40 80 ' 60 60 ^ 
yield by 33.3% over N.„ X PQA* Effect of N,^ X P,„ interaction 
was found critically different from that of the other N X P 
interactions. 
4.5.3 Quality parameter 
The seed quality was determined by the assessment 
of the amount of mucilage. The data are given below. 
4.5.3.1 Swelling factor 
The seeds of L. royleana contain mucilage and swell 
up considerably when water is available. The effect of nitrogen 
treatments was found to be significant on the swelling factor 
of seed mucilage (Table 36). The maximum swelling was noted 
in N,„ and the minimum, in N._. Treatment N,„ increased the 
swelling factor by 4.3% over the value recorded in N._. The 
effect of Ng_ was critically different from that of all other 
nitrogen treatments. 
104 
Phosphorus treatments did not affect the swelling 
factor significantly. 
Nitrogen X phosphorus interactions significantly 
affected the swelling factor of Tukhm-e-balanga. N,„ X P,„ 
gave the maximum value, whereas the minimum was noted in 
N.^ X PAQ- The interaction N _ X P^^ increased this parameter 
by 7.9% over the value found in N.- X P^^. However, the 
interaction N,„ X P^^ was found to be statistically equal 
to N,„ X P,„ in its effect. 60 60 
Table 36: Effect of nitrogen and phosphorus on swelling factor 
at harvest of Tukhm-e-balanga (Lallemantia royleana 
Benth. ) ' 
Nitrogen 
(kg N/ha) 
40 
Swelling factor 
Phosphorus (kg P/ha) 
60 80 Mean 
40 19.666 20.333 20.666 20.216 
60 20.830 21.220 21.220 21.090 
80 20.886 20.443 19.666 20.326 
Mean 20.456 20.663 20.513 
N.B. A uniform basal dose of 40 kg K/ha was applied 
N.S. = Non-significant 
Nitrogen (N) 
Phosphorus (P) 
N X P 
: . D . 
0 . 
N. 
^ 0 . 
, at 
, 5 0 9 . 
, S . 
882 
5% 
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Experiment 6 
4.6 General 
The experiment on Plantago ovata Forsk. (Isubgol) 
was conducted taking into consideration the findings of 
Experiment 3 on this crop, in which, out of the nine NPK 
combinations applied, N.^P.^K.„ proved optimum for most of 
the parameters including yield and quality of seed. The pota-
ssium status of the experimental beds at New Delhi was noted 
to be low and the literature was silent about the potassium 
requirement of this plant. This experiment was, therefore , 
designed as a potassium trial. Keeping the doses of nitrogen 
and phosphorus uniform at 40 kg/ha of each, five potassium 
doses (0, 20, 40, 60 and 80 kg/ha) were applied at the time 
of sowing according to a simple randomised block design. 
The same growth, yield and quality parameters were studied 
in this trial as in Experiment 3. The stages were also not 
changed. The details of each parameter studied are given 
below (Tables 37 to 40). 
4.6.1 Growth parameters 
The following parameters of growth at full-bloom 
stage were noted. The data are given separately below. 
4.6.1.1 Root length 
The effect of potassium levels was found non-
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significant on root length (Table 37) 
4.6.1.2 Root fresh weight 
Similarly, root fresh weight was not significantly-
affected by the application of potassium (Table 37). 
4.6.1.3 Root dry weight 
Dry matter production by root was significantly 
affected by treatments. The maximum root dry weight was found 
in treatment K„„ and the minimum, in ^OQ* Treatment Kg^ 
increased the dry matter of root by 178.6% over the control 
(K„) and 269.7% over the minimum value noted in K-„. However, 
treatment Ko„, which produced the highest value, was statisti-
oU 
cally equal to K,^ .. Similarly treatments K2Q was at par with 
K„ (Control) with regard to this character (Table 37). 
4.6.1.4 Shoot length 
Potassium application affected the shoot length 
of the plant significantly. The tallest shoot was produced 
in treatment K„^ and the shortest, in K„ (Control). Treatment 
Ko„ was 16.0% more efficient than K„ in enhancing vertical 
growth of shoot. The effect of this treatment Ko„ was criti-
ov 
cally different from rest of the treatments whereas treatments 
KgQ, K.Q, K2Q and K- were found to be at par (Table 38). 
Table 37: Effect of potassium on length, fresh weight and dry-
weight of root per plant at full bloom stage of Isubgol 
(Plantago ovata Forsk.) 
Treatments 
(kg/ha) 
N P K 40 40 0 
N P K 40 40 20 
N P K 40 40 40 
•^40^40^60 
^^40^40^80 
Length 
(cm) 
9.65 
9.46 
10.18 
8.99 
8.21 
Fresh wei 
(g) 
0.666 
0.682 
0.529 
0.554 
0.359 
ght Dry weight 
(g) 
0.272 
0.205 
0.392 
0.512 
0.758 
C D . at 5% N.S, N.S, 0.326 
N.B. A uniform basal dose of 40 kg each of N and P/ha was applied 
to each bed 
N.S. = Non-significant 
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4.6.1.5 Shoot fresh weight 
It is evident from Table 38 that the shoot fresh 
weight was found to be significantly affected by potassium 
treatments. Maximum freshweight of shoot was noted in treatment 
K__ and the minimum in K-^ which was at par with that of 
K_, the control. Treatment K„„ increased the value by 49.2% 
over K„. Like K„ and K_„, treatment K„„ and K.„ were also 
fourjd at par. 
4.6.1.6 Shoot dry weight 
Like the fresh weight of shoot, potassium treatments 
significantly affected its dry matter production also. Treat-
ment KQ„ produced the maximum shoot dry weight and the minimum 
value was noted in K„ (Control). Treatment KQ^ increased 
the shoot dry weight by 75.5% over K„. However, treatments 
K^Q and K were also at par with Kg^ as were the control 
(KQ) and K^ (Table 38). 
4.6.1.7 Culms number 
The culm number per plant was significantly affected 
by the potassium application (Table 39). The highest value 
was found in treatment Kg^ and the lowest, in K„ (Control). 
There was 38.9% increase in the number of culms in K^. over 
KQ. Treatment Kg^ and Kg^ were, however, at par with each 
Table 38: Effect of potassium on length, fresh weight and dry 
weight of shoot per plant at full bloom stage of Isubgol 
(Plantago ovata Forsk.) 
Treatments 
(kg/ha) 
^40^40^0 
^40^40^20 
^^40^40^40 
M p tf 
40 40 60 
J 
TSJ p If 
40 40 80 
Length 
(cm) 
24.66 
25.22 
25.22 
26.22 
28.60 
Fresh wei 
(g) 
53.33 
48.21 
78.43 
72.33 
79.55 
-ght Dry weight 
(g) 
6.36 
6.61 
10.72 
11.16 
11.16 
C D . at 5% 1.83 6.88 3.42 
N.B. A uniform basal dose of 40 kg each of N and P/ha was applied 
to each bed 
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other while K-- was statistically equal in its effect with 
K (Control). 
4.6.2 Yield parameters 
The yield parameters were mostly found to be signi-
ficantly affected by potassium. The data (Tables 39 to 40) 
are discussed separately in the following paragraphs. 
4.6.2.1 Spike number 
This important yield contributing parameter was found 
to be significantly affected by potassium application. Maximum 
spike number was noted in treatment K.„ and the minimum in 
K„ (Control). This treatment increased the spike number by 
141.1% over the lowest value noted in the control. The effect 
of the best treatment (K.„) was found to be at par with that 
of KQQ (Table 39) . 
4.6.2>2 Spike length 
Spike length was significantly affected by the treat-
ment (Table 39). Maximum spike length was noted in K. and 
the minimum, in K-^. Treatment K.- increased the spike length 
by 31.8% over KQ (Control)." The effect of treatment K.^ was 
critically different from that of the remaining treatments, 
which were, however, found to be at par with each other. 
Table 39: Effect of potassium on culm number, spike length and 
spike number per plant at full bloom stage of Isubgol 
(Plantago ovata Frosk.) 
TTreatments 
(kg/ha) 
Culm number Spike length 
(cm) 
Spike number 
N P K 40 40 0 
^^40^40^20 
^40^40^40 
^40^40^60 
^40^40^80 
6, 
6. 
7, 
8. 
9 , 
. 5 5 
. 86 
. 4 1 
,33 
,10 
3.11 
2.94 
4.10 
3.11 
3.22 
13.22 
24.66 
31.88 
25.33 
25.96 
C D . at 5% 1.22 0.77 7.40 
N.B. A uniform basal dose of 40 kg each of N and P/ha was applied 
to each bed 
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4.6.2.3 Seed yield (kg/ha) 
Seed yield, the most imporatnt among the yield 
parameters, was significantly affected by potassium applica-
tion. The maximum yield (915.33 kg/ha) was obtained in 
treatment K.^ and the minimum (798.33 kg/ha) in Kg^. Treatment 
K^„ increased the seed yield by 14,6% over the lowest value 40 
in KQ^ and 5.0% over the KQ (Control) respectively. The 
effect of treatments K_„ and K.^ was found at par, as also 
that of KQQ and K^Q (Table 40). 
4.6.2.4 Biological yield (kg/ha) 
Potassium treatments did not affect biological yield 
of Isusbgol significantly (Table 40). 
4.6.3 Quality parameter 
The quality of mucilage present in the seed and 
husk of Isubgol is conveniently measured by determining 
their swelling factor and is a reliable criterion of seed 
quality. Data (Table 40) are described below. 
4.6.3.1 Swelling factor 
The swelling factor was noted to be significantly 
affected by potassium application (Table 40). It was highest 
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in the treatment K._ and lowest in Kg^, equalled by KQ , 
the control. Treatment K.^ increased the swelling factor 
by 7.4% over K^ (Control). Treatment K2Q was at par with 
K.„ in its effect. 
Table 40: Effect of potassium on seed yield, biological yield 
and swelling factor at harvest of Isubgol (Plantago 
ovata Forsk.) 
Treatments Seed yield Biological yield Swelling factor 
(kg/ha) (kg/ha) (kg/ha) (ml) 
N^QP^QKQ 871.66 3745.0 12.66 
^^40^40^20 888.33 3625.0 13.66 
^40^40^40 915.33 3120.0 13.60 
N^QP^QK^Q 845.00 3480.0 12.95 
^^40^40^80 798.33 3713.3 12.33 
C D . at 5% 37.99 N.S. 0.74 
N.B. A uniform basal dose of 40 kg each of N and P/ha was applied 
to each bed 
N.S. = Non-significant 
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Experiment 7 
4.7 General 
Experiment 7 on Tukhm-e-balanga was carried out at 
the Agricultural Farm of the Aligarh Muslim University,Aligarh 
after obtaining preliminary infromation from the previously 
conducted Experiments 2 and 4. This design of the experiment 
was simple randomised block with seven treatments, including 
proper controls sprayed with water (W) to determine the compa-
rative effect of supplemental foliar spray (F) and top-
dressing (T) of phosphorus. The treatments were: B ._ + F 
(Control 1), Bp2o + Fpj (Control 2), Bp2o + Fpi' Bp20 ^ ^P2' 
S 2 0 ^ ^P4' ^P20 ^ ^PIO ^^^ ^P20 -^  '^P20' ^ uniform basal 
(B) dose of 60 kg N and 20 kg K/ha was applied at sowing 
together with either 40 or 20 kg P/ha applied in the same 
manner. The supplemental foliar or top-dressing of phosphorus 
was carried out at 60 days after sowing. As in the earlier 
experiments on L. royleana, the same growth, yield and quality 
parameters were studied at full bloom stage and at harvest. 
The details of each are given below. 
4-7.1 Growth parameters 
As is evident from Table 41 to 42 most of the growth 
parameters were found to be significantly affected by the 
treatments. The data are given below separately. 
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4.7.1.1 Root length 
Root length of this plant was affected equally by 
all the treatments (Table 41). 
4.7.1.2 Root fresh weight 
The fresh weight of Tukhm-e-balanga root was signi-
ficantly affected by the treatments (Table 41). The heaviest 
roots were noted in treatment B JQ •*• ^p4 ^"^ ^^^ lightest, 
in B p„ + F , that was equalled by B 20 + ^r^ (Control 2). 
Treatment B + Fp. increased the fresh weight of root by 
78% over the value noted in treatment B -n + Fp, . Treatments 
B _» + F _ and B _„ + F . were found at par with each other. 
4.7.1-3 Root dry weight 
The dry matter production by root was significantly 
affected by the treatments (Table 41). Maximum root dry weight 
was produced in treatment B __ + Fp. and the minimum was in 
Bp_-' + Fp^ equalled by B -Q + Frj (Control 2). The treatment 
B __ + F . increased root dry matter production by 44.7% over 
Bp2o ^ f'pi- Treatment Bp2Q + Fp^ and Bp2Q + Tp^ ^^  were found 
at par. 
4.7.1.4 Shoot length 
The shoot length of Tukhm-e-balanga was significantly 
Table 41: Effect of supplemental application (foliar/top-dressing) 
of phosphorus on length, fresh weight and dry weight 
of root per plant at full bloom stage of Tukhm-e-balanga 
(Lallemnatia royleana Benth.) 
Treatment 
(kg/ha) 
^P40'^^W 
^P20''^W 
^P20^,^P1 
^P20"^^P2 
^P20"'^P4 
P^20'*"'^ P10 
P^20'^ '^ P20 
Length 
(cm) 
7.33 
5.10 
7.54 
7.33 
6.66 
7.56 
6.78 
Fresh wei 
(g) 
4.30 
4.20 
3.50 
5.53 
6.23 
4.76 
5.46 
ght Dry weight 
(g) 
1.908 
1.745 
1.745 
2.305 
2.525 
2.495 
2.270 
CD. at 5% N.S. 1.20 0.298 
N.B. A uniform basal dose of 60 kg N and 20 kg K/ha was applied 
at sowing 
N.S. = Non-significant 
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affected by the treatments (Table 42). The maximum shoot length 
was noted in treatment ^pon •*" '^ ni n ^"^ ^^^ minimum, in 
Bp-,^  + F . B 2Q + Tp,„ increased the shoot length by 25.6% 
over the shortest shoots produced in Bp-,^  + F . Treatment 
B 20 + F . was at par with B _„ + T^^. Similarly, treatment 
B .„ + F and B + F were found statistically equal. 
4.7.1.5 Shoot fresh weight 
Supplemental application of phosphorus had significant 
effect on shoot fresh weight of the plant (Table 42). The 
heaviest shoots were found in treatment B _„ + Fp-, and the 
lightest, in B-,^ ^ + F„ (Control 2). Treatment B„_„ + F_,-
^ P20 W P20 P2 
increased the shoot fresh weight by 92.1% over the lowest 
value noted in treatment Br,_„ + F^ ,. And the same treatment 
P20 W 
B _|L + Fp2 enhanced the shoot fresh weight by 55.12% over 
the value produced by the other control (Bp.,^  + Fiv,)* Among 
these treatments B ^A •• fp4 ^"d B ^n + Fpo were found stati-
stically equal as were also treatments B^ -,^  + F,, and 
P20 W 
^P20 •" ^ Pl* 
4.7.1.6 Shoot dry weight 
The dry weight of. shoot was significantly affected 
by supplemental application of phosphorus (Table 42). Treatment 
Bp2Q + Fp2 produced the highest shoot dry matter whereas the 
lowest was produced by Bp^^ + F (Control 1), the increase 
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being 80.8%. However, top-dressing with 10 kg P/ha (treatment 
Bp „ + Tp^ ) had equal effect as Bp^^ + Fp2. The two controls 
(B .Q + F and B 2Q + F^) were also at par with each other. 
4.7.1.7 Number of branches per plant 
The application of additional phosphorus increased 
the branching of the plant significantly (Table 42). Maximum 
branching was observed in treatment Bp_„ + Fp_ and the minimum, 
in Bp4Q + F^ (Control 1). Treatment Bp2Q + Fp2 increased the 
branch number by 68.1% over the value produced in control 
1. But treatment B 20 "*• '^ pio ^^^ statistically equal effect 
to that of B 2Q + ^p2 • 
4.7.2 Yield parameter 
Like growth characteristics noted above, yield parame-
ters were also significantly affected by given treatments. 
The details of the data (Table 43) are given in the following 
paragraphs. 
4.7.2.1 Number of buds per branch 
Buds production was significantly affected by supple-
mental phosphorus application (Table 43). Maximum number of 
buds was produced in treatment B 2Q + F . and the minimum^ 
in Bp2Q + F^. Treatment Bp2Q + F . increased the bud number 
Table 42: Effect of supplemental application (foliar/top-dressing) 
of phosphorus on length, fresh weight, dry weight of 
shoot and number of branches/plant at full bloom stage 
of Tukhm-e-balanga (Lallemantia royleana Benth.) 
Treatment Length Fresh weight Dry weight Number of branches/ 
(kg/ha) (cm) (g) (g) Plant 
^P40^^W ' ^ ' ' ' 
^P20^^W ' ' • ^ ' 
Bp2o-Fp , 8 0 . 8 8 
^P20^^P2 ' ' - ' ' 
Bp2o-Fp , 8 0 . 8 8 
«P20^^P10 ^ ^ - ^ 
«P20^^P20 ^^ -33 
260.0 
210.0 
216.66 
403.^3 
386.66 
383.33 
306.66 
50.33 
50.66 
62.33 
91.00 
86.00 
90.66 
56.33 
1 5 . 3 3 
1 5 . 6 6 
1 7 . 6 6 
2 5 . 7 7 
2 3 . 6 6 
2 3 . 7 7 
17 .99 
C D . a t 5% 9 .45 45.04 23 .75 5.42 
N.B. A uniform basal dose of 60 kg N and 20 kg K/ha was applied 
at sowing 
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by 38.4% over the lowest number produced in B _„ + F (Control 
2) and 19.9% higher over the number of buds produced in 
^P4 0 "• ^ W (Control 1). 
4.7.2.2 Seed yield (kg/ha) 
The most important yield parameter of this plant (seed 
yield) was significantly influenced by these treatments 
(Table 43). The maximum seed yield (983.3 kg/ha) was obtained 
in treatment B p„ + F . and the minimum (690.0 kg/ha), in 
B _„ + F (Control 2) which was at par with control 1 (Bp.^ 
+ F„). Treatment B_,_^  + F_,. increased the seed yield by 42.5% W P20 P4 -^  -^  
over Bp^Q + F^. Yields in Bp2Q + Fp2 and Bp2Q + Fp^ were found 
to be at par with each other; so were those in Bp.„ + F^ and 
^P20 " ^W 
4.7.2.3 Biological yield (kg/ha) 
The dry herbage (total produce) was significantly 
increased by these treatments (Table 43). The highest biolo-
gical yield (5133.0 kg/ha) was produced in treatment B 2Q + Fpn 
and the lowest (4620.0 kg/ha), in Bp2Q + F (Control 2), that 
was equalled by the other (Control 1) B .„ + F . B _^ + F _, 
thus, increased the total yield by 11.1% over the lowest value 
noted in Bp2Q + F^. Treatment B 20 + "^ PIO ^^® found equal 
*° ^P2o "*" ^ P2 "*•" """^^ effect on biological yield. 
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4.7.3 Quality parameter 
The quality of the seed was determined by noting the 
amount of its mucilage indirectly. The data are given below. 
4.7.3.1 Swelling factor 
Swelling factor, indicating the amount of mucilage, 
was significantly affected by the treatments (Table 43). Maximum 
swelling of seeds was found in Bp-,^  + F . and the minimum, 
in B„„^ + F„. Treatment B„-,„ + F-,. increased swelling by 11.6% P20 W P20 P4 => J 
over B -^ + F equalled by the other control (Bp,^ + F ). 
Treatments Bp_„ + Fp. and Bp_^ + Fp^ had statistically equal 
on the swelling factor of the seeds. 
Table 43: Effect of supplemental application (foliar/top-dressing) 
of phosphorus on number of buds at full bloom stage, 
seed yield, biological yield and swelling factor at 
harvest of Tukhm-e-balanga (Lallemantia royleana Benth.) 
Treatment Number of buds/ Seed yield Biological yield Swelling 
(kg/ha) branch (kg/ha) (kg/ha) factor 
(ml) 
^P40^^W 1^2-3^ 
Sp20"^W ^^-^^ 
^P20-'^P1 106.77 
^P20"^P2 115.33 
^P20-^^P4 l^«-^3 
^P20"'^P10 121.33 
^P20"^P20 115.55 
716.66 
690.00 
930.00 
948.00 
983.32 
796.66 
803.32 
4663.3 
4620.0 
4750.0 
5133.3 
5073.3 
5060.0 
4913.3 
18.83 
18.66 
19.50 
20.16 
20.83 
19.33 
19.00 
C D . at 5% 6.72 37.05 113.6 1.16 
N.B. A uniform basal dose of 60 kg N and 20 kg K/ha was applied 
at sowing 
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Experiment 8 
4.8 General 
Like Experiment 7, this trial was conducted according 
to a simple randomised block design. This experiment on 
Plantago ovata Forsk. (Isubgol) was also carried out at the 
Agricultural Farm, Aligarh Muslim University, Aligarh. A 
total of seven treatments, including two controls sprayed 
with water were selected to determine the comparative effects 
of supplemental foliar spray (F) and top-dressing (T) of 
phosphorus on growth, yield and quality parameters of the 
plant. The treatments included ^PAQ "*" ^M (Control 1), 
^P20 ^ ^W (Control 2), B^^^ + Fp^, Bp2o + Fp2, Bp2o + Fp^, 
B„_„ + T„, „ and B_,_„ + T^ -,.. A uniform basal dose of 20 kg P20 Flo P20 P20 ^ 
N/ha and 20 kg K/ha, provided at the time of sowing. The 
basal treatments (B) were given at sowing time and foliar 
spray as well as top-dressing, applied at 60 days after sowing. 
The parameters studied were the same as in earlier conducted 
Experiment 3 and 6 on Isubgol. Growth parameters were noted 
at full bloom stage and yield and quality parameters, at 
harvest. The data (Tables 44 to 47) are given below. 
4.8.1 Growth parameters 
The following paragraphs give the details of the 
growth parameters separately. 
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4.8.1.1 Root length 
It is evident from Table 44 that root length was 
significantly affected by supplemental phosphorus application. 
The longest roots were produced in B -A "^  ^ p4 ^"^ ^^^ shortest, 
in Bp2Q + F^, equalled by Bp^^ + F^. Treatment Bp2Q + Fp^ 
enhanced the root length by 28.4% over the value noted in 
^P20 ' ^W Treatments Bp2o + Tp2o, Bp2o + Tp^^ and Bp2Q + Fp2 
were found to be at par with B 2Q + ^P4 • 
4.8.1.2 Root fresh weight 
The treatments did not have significant influence 
on root fresh weight (Table 44). 
4.8.1.3 Root dry weight 
The root dry weight was significantly affected :.by 
these treatments (Table 44). Maximum root dry weight was 
noticed in B_,„„ + T^, „ and the minimum, in B„_„ + F„ equalled P20 PIO ' P20 W ^ 
by Bp.Q + F . Treatment B _„ + Tp^ „ enhanced the root dry 
and 
B 2Q + Tpnn were found at par. Other remaining treatments 
were also gave the statistically equal effects. 
weight by 49.2% over B 20 "*• ^ w* Treatments B 20 + Tp,Q 
4.8.1.4 Shoot length 
Table 45 shows that shoot length was significantly 
Table 44: Effect of supplemental application (foliar/top-dressing) 
of phosphorus on length, fresh weight and dry weight 
of root at full bloom stage of Isubgol (Plantago ovata 
Forsk.) 
Treatment 
(kg/ha) 
^P4 0^^W 
^P20''^W 
^P20^^P1 
^P20^^P2 
^P20''^P4 
'^ P20"^ '^ P10 
B .+ T P20 P20 
Length 
(cm) 
8.22 
7.44 
8.44 
8.66 
9.55 
9.11 
9.22 
Fresh wed 
(g) 
0.98 
0.88 
1.00 
1.03 
1.11 
1.22 
1.07 
•ght Dry weight 
(g) 
0.3316 
0.3016 
0.3350 
0.3360 
0.3500 
0.4500 
0.4166 
C D . at 5% 0.93 N.S, 0.5620 
N.B. A uniform basal dose of 20 kg N and 20 kg K/ha was applied 
at sowing 
N.S. = Non-significant 
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affected by the treatments. Longest shoot was found in the 
treatment B -A + '^ P20 ^"^ ^^^ shortest, in Bp2Q + Fp2. Here 
treatment B p„ + T -n increased the shoot length 20.5% and 
14,5% over B' 20 ^ ^P2 ^^^ ^P40 "*" ^ W ^^spectively. Treatment 
B _„ + T ,^ was found to be at par with Bp2Q + Tp2Q in its 
effect on vertical growth of shoot. 
4.8.1.5 Shoot fresh weight 
The fresh weight of shoot was significantly affected 
by the treatments (Table 45). The heaviest shoot was noticed 
in B 20 + Fp4 S'^ d th® lightest, in Bp2Q + F^. Treatment 
B -^ + F . increased the shoot fresh weight by 15.4% over 
the value produced in Bp^„ + F . It was also found that treat-
ments Bp2Q + Tp^Q, Bp2Q + Tp2Q were at par with Bp2o + Fp^ 
and treatments B 20 + F ^ and Bp2Q + Fp2 were statistically 
equal to each other in their effect. 
4.8.1.6 Shoot dry weight 
Shoot dry matter production was significantly influ-
enced by supplemental phosphorus application (Table 45). 
Maximum dry matter was produced in Bp-,„ + Tp2r, and the minimum, 
in B -^ + F _• Treatment B _„ + Tp^^ increased the shoot dry 
weight by 87.1% and 42.5% over the value in B 20 "*" ^po ^^'^ 
^P4n "^  ^ IA7' th^ control respectively. The effect of B„^„ + T 
•iu w IT J P2Q ^pio 
Table 45: Effect of supplemental application (foliar/top-dressing) 
of phosphorus on length, fresh weight, and dry weight 
of shoot per plant at full bloom stage of Isubgol 
(Plantago ovata Forsk.) 
Treatment 
(kg/ha) 
^P4 0''^ W 
^P20^^W 
^P20^^P1 
^P20"^^P2 
^P20^^P4 
P^20'^ '^ P10 
B +T P20 P20 
Length 
(cm) 
23.26 
24.50 
24.66 
22.10 
25.00 
26.23 
26.63 
Fresh weight 
(g) 
90.56 
82.43 
87.50 
90.33 
95.13 
94.50 
93.43 
Dry weight 
(g) 
9.21 
8.85 
9.30 
6.74 
11.12 
12.39 
12.61 
CD. at 5% 0.67 3.16 0.94 
N.B. A uniform basal dose of 20 kg N and 20 kg K/ha was applied 
at sowing 
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was at par with that of B -A + "^P^O* Similarly treatments 
^P40 •" ^ W ^P20 "" ^ W "^"^  ^ P20 "" ^ Pl "^^""^ ^^ """^  statistically 
equal to each other in influencing dry matter production 
by shoot in Isubgol. 
4.8.1.7 Culms number 
This important growth parameter was significantly 
affected by the treatments (Table 46). Maximum number of 
culms was produced in treatment B _„ + Fp. and the minimum, 
in B y^ + F _. Treatment B 20 "*• ^ 04 increased the culm number 
by 44.4% and 30.0% over B -n •*• ^pp ^^^ ^P40 "*" ^ W ^^spectively. 
Treatments B^^Q + F^, Bp2o + ^^ ^"d Bp2Q + Fp2 had statisti-
cally equal effect. And treatments Bp_„ + Tp^„ and Bp-^ + Fp. 
were found at par with each other. 
4.8.2 Yield parameters 
Like growth parameters, yield parameters were also 
significantly influenced by supplementally applied phosphorus. 
The details of the data (Tables 46 to 47) are given in the 
following lines. 
4.8.2.1 Spike number 
Spike number was significantly influenced by the 
treatments (Table 46). Maximum number of spikes was noticed 
in ^p20 "^  ^ P2 ^^^ *^^ minimum, in Bp2Q + F . Treatment 
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B„„> + F„_ increased the spike number by 76.3% and 52.9% PO) P2 f J 
over the values produced in B -A + f^ ^nd B .„ + F control 
respectively. The effect of B _„ + F ^ treatment was critically 
different from the rest of the treatments. 
4.8.2.2 Spike length 
Table 4 6 shows clearly that this yield parameter 
was also significantly affected by the treatments. The longest 
spikes were noted in treatment B _„ + F 2 snd the shortest, 
in B„-,rt + F„. Treatment B_-,« + ?„- increased the spike length P20 W P20 P2 f ^ 
by 77.5% and 60.7% over the values produced in B 2Q + F 
and B .„ + F respectively. The effect of B _„ + F _ was 
found to be critically different from the other treatments 
applied. And treatment B _„ + F and B „„ + F , were found 
at par with each other. 
4.8.2.3 Seed yield (kg/ha) 
Seed yield was significantly affected by the applica-
tion of supplemental phosphorus (Table 47). The highest yield 
(1010.0 kg/ha) was produced in treatment B _„ + F-p and the 
lowest (540.0 kg/ha), in Bp2Q + F . Treatment B 20 + fp2 incre-
ased seed yield by 87.0% and 74.1% over the values noted 
in Bp2Q + F„ and Bp._ + F^ respectively. It may be noted 
that the effect of Bp2Q + Fp2 and Bp2Q + Fp^ was at par. 
Table 46: Effect of supplemental application (foliar/top-dressing) 
of phosphorus on culm number, length of spike and number 
of spike per plant at full bloom stage of Isubgol 
(Plantago ovata Forsk.) 
Treatment Culm number 
(kg/ha) 
Spike length 
(cm) 
Spike number 
^P40^^W 1 0 . 0 0 4 .23 2 2 . 6 6 
^P20"^^W 9 . 6 6 3.83 1 9 . 6 6 
^P20"^^P1 
^P20 '^^P2 
^P20 '"^P4 
'^P2 0'*''^P10 
^P20'*''^P20 
1 1 . 3 3 
9 . 0 0 
1 3 . 0 0 
1 2 . 6 6 
1 2 . 0 0 
4.00 
6.80 
4.66 
4.66 
4.03 
20.00 
34.66 
29.66 
29.00 
28.66 
C D . at 5% 1.18 0.45 1.95 
N.B. A uniform basal dose of 20 kg N and 20 kg K/ha was applied 
at sowing 
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Treatments Bp + F and B 20 •*" ^ pi were also statistically 
equal. 
4.8.2.4 Biological yield (kg/ha) 
Biological yield was not affected significantly by 
the treatments (Table 47). 
4.8.3 Quality parameter 
As in Experiments 3 and 6, the quality of Isubgol 
seeds was determined indirectly by noting the swelling factor. 
The data are given in the following section. 
4.8.3.1 Swelling factor 
The swelling factor of seeds was significantly affected 
by the treatment (Table 47). The maximum swelling was noted 
in treatment Bp2Q + Fp2 and the minimum, in B _« + F . 
Treatment Bp2Q + Fp2 increased the swelling factor by 10.8% 
and 7.9% over Bp2Q + F^ and Bp^^ + F^ control respectively. 
Treatments Bp2Q + Fp^ and Bp2Q + Tp^^ were found at par 
with Bp2o + Fp2. 
Table 47: Effect of supplemental application (foliar/top-dressing) 
of phosphorus on seed yield, biological yield and 
swelling factor at harvest of Isubgol (Plantago ovata 
Forsk.) 
Treatment Seed yield Biological yield Swelling Factor 
(kg/ha) (kg/ha) (kg/ha) (ml) 
Bp^Q+F^ 580.0 3500.0 12.66 
Bp2Q+F^ 540.0 3617.6 12.33 
Bp2Q+Fp^ 560.0 3550.0 12.96 
Bp2Q+Fp2 1010.0 3571.6 13.66 
Bp2Q+Fp^ 979.4 3733.3 13.52 
Bp2o+Tp^Q 894.6 3683.3 12.96 
Bp2o + '^ p20 901.0 4100.0 12.33 
C D . at 5% 31.45 N.S, 0.83 
N.B, A uniform basal dose of 20 kg N and 20 kg K/ha was applied 
at sowing 
N.S. = Non-significant 
CHAPTER 5 
D I S C U S S I O N 
Chapter 5 
Discussion 
The aim of all agro-physiological research is to collect 
reliable data on the performance of a crop under known condi-
tions. The data so obtained are then utilised to optimise 
the economic yields and quality of the produce so that the 
crop could be grown profitably. It is, however, the domain 
of the plant physiologist to ascertain the response of the 
plant with regard to processes of growth and development that 
contribute towards, and ultimately determine, its final yield 
and quality. These responses of the various organs of the 
plant to the essential inputs and the environment are dependent 
to a great extent on its genetic make-up. Successful farming, 
therefore, requires quantification of the results of this 
interaction. Among others, the propositions of Gregory (1937) 
and Yoshida (1972)^ emphasising the importance of the physio-
morphological attributes during various phases of growth and 
development of a plant^are based on sound scientific logic. 
Proper analysis of carefully selected growth, yield and quality 
characteristics of random samples of a crop grown in a statis-
tically planned field trial.would, thus, be expected to yield 
reliable clues for standardising the farm practices to be 
adopted for ensuring profitable crop production. This is parti-
cularly essential for newly introduced crops, as, without 
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this background knowledge, farming would become an exercise 
comparable to groping in the dark. 
The three medicinal plants, namely, Ajowain, Tukhm-e-
balanga and Isubgol, were selected by the present author for 
field trials under the agro-climate of Delhi and adjoining 
areas so as to determine if their large-scale commercial culti-
vation was possible. The doses of NPK applied were selected 
on the basis of whatever meagre information was available 
from published reports on these and allied plants and from 
preliminary trials undertaken at Aligarh by Afridi and associ-
ates'. Care was taken to see that the range was rational. The 
ratio of one nutrient to the other was maintained in such 
a manner that a properly balanced dose was applied. 
The data collected in the eight field trials undertaken 
by the present author were found^on statistical analysis^to 
be mostly significant. However, before discussing them crop-
wise in detail, it seems appropriate to recall the background 
for conducting these experiments. The selection of the three 
crops was made not only on the basis of their medicinal impor-
tance (pp. 22, 30 and 34) but also due to paucity of literature 
on the fertiliser requirements in the case of Ajowain and 
Tukhm-e-balanga and to conflicting reports about Isubgol. 
Thus, a critical appraisal of the six available reports 
on the cultivation of Ajowain revealed that Krishna and Bhadwar 
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(1986); Joshi (1961) and Sri Rama Rao (1986) did not apply 
any NPK while Joshi et^  al. (1963) and Singh and Singh (1971) 
failed to obtain significant results in their fertiliser 
trials. The only publication that could give s'ome lead to 
'the present author was a short communication by Sethi (1977) 
who applied six combinations of N and P (but no K) at three 
plant densities and collected significant data on seed yield. 
The present investigation on the NPK requirements of Ajowain, 
therefore, may be claimed as the first detailed attempt to 
determine its NPK requirements. 
The first trial (Experiment 1) had to be kept broad-
based but simple, for obvious reason. Once the best combination 
of NPK was determined, the next trial (Experiment 4) was 
planned so as to obtain additional detailed information using 
a factorial randomised block design. As the data of the two 
trials turned out to be complimentary to each other, they 
are proposed to be discussed together. In the first trial, 
N,„P.„K._ proved the best combination for seed (sink) yield, 
oil yield and oil content (Table 16) of Ajowain. The growth 
characteristics (source) that contributed conspicuously towards 
this effect were shoot length, shoot fresh weight and number 
of branches per plant (Table 14). In particular, the yield 
components responsible for the final yield of seed and oil 
were the number of umbels and umbellets per umbel which were 
also enhanced most by ^50^40^40 C^^^^® l^)- ^ ^ is thus^evident 
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that this was the best fertiliser combination for ensuring 
optimum growth through scientific exploitation of the full 
genetic potential of the crop through development that led 
ultimately to highest yield under local agroclimatic condi-
tions. 
Experiment 4 confirmed these finding as the interac-
tion N,„ X P „ (with K.„ added uniformly) proved responsible 
for the highest seed and oil yield (Tables 29, 30), inspite 
of the fact that oil content was slightly higher in N,Q X 
PgQ (+ K^Q) than in N^Q X P^Q (+ K^^) (Table 30). It is clear 
that this combination produced so much additional seed that 
the oil yield per hectare was still maintained at the highest 
level. The two most evident contributing factors for best 
seed and oil yield noted in this trial were fresh weight 
of shoot (Table 26) and number of umbels per branch (Table 28). 
Some additional information was also obtained from 
this factorial randomised block design trial. Thus, it was 
noted that individually N,» proved best for fresh and dry 
weight of shoot, number of umbels per branch, seed and oil 
yield as well as oil content. In fact, for most of the growth 
and yield attributes that were affected significantly by 
the application of nitrogen, a linear increase was seen as 
the nitrogen dose was increased from 20 to 60 kg per hectare 
(Tables 26-30). The importance of nitrogen for plants has 
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already been mentioned in Chapter 2. It is well established 
that it plays a key role in the division, enlargement and 
differentiation of cells leading to higher productivity (McKee 
1962; Devlin and Witham, 1986; Salisbury and Ross, 1986). 
Similarly, P.„ proved optimum for root length, root dry weight, 
shoot fresh weight and dry weight, number of branches and 
yield of seed and oil (Table 24-30). Like nitrogen, phosphorus 
is a component of many essential compounds and^ thus^ plays 
a key role in almost all physiological reactions of the plant 
(Hewitt 1963, Devlin and Witham, 1986). It is particularly 
essential for the formation of vegetative and floral buds. 
As these produce leaves and branches (source) and flowers 
leading to seed formation (sink), respectively, the role 
of phosphorus in increasing the yield of the crop under trial 
becomes evident. 
Finally, the role of potassium may also be considered. 
It is known to be essential for translocation of solutes 
and^thus^to play a dominant role in the partitioning of photo-
synthates in favour of the sink (Hartt, 1969). It also activ-
ates a very large number of key enzyme systems involved in 
plant metabolism (Evans and Sorger, 1966). Moreover, the 
soil of the experimental plot (mini durg farm, I.H.M.M.R., 
New Delhi) was rather low in potassium (Table 1) and its 
inclusion upto 40 kg/ha in the NPK combination applied to 
the soil ensured sufficiency. 
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Lastly, the two experiments under discussion clearly 
established the desirability of applying a balanced combination 
of NPK (on the basis of the status of these nutrients in 
the soil). It is inexplicable that Sethi (1977) did not include 
potassium in his fertiliser x plant density trial on Ajowain. 
The importance of balanced nutrition for optimising crop 
production is well recognised for more than a century (Leibig, 
1840) and is a byword for both farmers and agricultural scien-
tists. In this respect, the contribution of the present author 
in establishing N,„P.„K.„ as the best dose for Ajowain culti-
60 40 40 
vation in New Delhi soil merits recognition. 
As mentioned earlier (Chapter 2), Tukhm-e-balanga 
occupies the dubious distinction of being ignored totally 
by researchers in the field of plant nutrition. The present 
investigation may, therefore, be claimed as a pioneering 
effort to cultivate it scientifically and to establish its 
NPK requirement. Under the circumstances, the combinations 
of the three nutrients had to be selected arbitrarily in 
Experiment 2 (as in Experiment 1 on Ajowain). The data clearly 
established the superiority of N.rtP,„K.„ over all other 
40 60 40 
combinations with regard to most attributes studied, including 
seed yield and swelling factor. Experiment 5 was laid out 
according to factorial randomised block design so that the 
requirement of nitrogen and phosphorus individually as well 
as in combination could be determined in the presence of 
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sufficient amount of applied potassium. The data revealed 
that, N,„ promoted seed yield and swelling factor most whereas 
the effect of phosohorus on these attributes was non-signifi-
cant. However, the interactions N,„xP.„ and N,„>^ P^ r> (in the 
60 40 60 60 
presence of K.^ applied uniformly) tunred out to be signifi-
cantly superior to the others for seed yield and N,p.xP,„ 
(at par with N,-,xPo„) for swelling factor. Among the growth 
and yield attributes, only root dry weight responded most 
to N,„xP.„ and N,„xP,„ which left the picture rather blurred. 60 40 50 50 
As the data of Experiment 2 and 5 did not show any clear-
cut relationship with one another, no final conclusion could 
be drawn about the specific NPK requirements of this crop 
(see also p. 72,95) • However, it may be emphasised that, in 
both experiments, growth was luxuriant. This clearly establi-
shed that Tukhm-e-balanga (like Ajowain and Isubgol) is well 
adapted to the agro-climate of New Delhi and could be grown 
successfully by farmers on commercial lines. 
Experiment 7 on Tukhm-e-balanga was conducted at 
Aligarh to compare the response of the crop to basal applica-
tion of 40 kg P/ha (B .„) with that of B _„ supplemented 
with either foliar application of only 1, 2 or 4 kg P/ha 
(Fp^, Fp2, Fp^) or with top-dressing with 10 or 20 kg P/ha 
(T^_, T 20^ so as to determine if any economy of this costly 
fertiliser could be brought about by adopting the latter 
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techniques. The data (Tables 41-43) on growth, yield and quality 
characteristics of Tukhm-e-balanga were found to be clear-
cut and highly encouraging. Thus, for seed yield and swelling 
factor, Bp2o'*'^ P2 (equalled by 'Sp2o'*"^ P4^  proved optimum in 
the presence of B ,»+K-^ applied uniformly (Table 43). This 
means that a saving of upto 18 kg P/ha could be achieved by 
adopting foliar application of phosphorus. The treatments 
B _p^  + F _ (and Bp-^+F . ) were noted to maximise almost all 
growth and yield attributes also (Tables 41-43) whose cumulative 
effect reflected itself through highest seed yield in this 
treatment. 
It is an established fact that about 70% of the basally 
applied phosphorus gets fixed in the soil and becomes unavailable 
to the crop as it matures (Russell, 1950). This could result 
in the development of a "hidden hunger" at the later stages 
of growth and retard the formation of vegetative and floral 
buds for which adequate phosphorus supply is essential. The 
good response to supplemental application of phosphorus, both 
through the soil and the leaves^ with regard to almost all 
attributes contributing to seed yield noted above, bears testi-
mony to this. That foliar application of phosphorus proved 
better than its top-dressing could be due to the ready availa-
bility of this essential element at the site of metabolic 
activity i.e. leaves, growing buds, branches and flowers due 
to their proximity to the site of application. Although, foliar 
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application of phosphorus is known to have yielded similar 
beneficial results in several crops (Wittwer and Teubner, 
1959 and Afridi and Wasiuddin, 1979), it has been tried success-
fully for medicinal plants for the first time by the present 
author. 
The case of Isubgol was slightly different from that 
of Ajowain and Tukhm-e-balanga. Available literature on the 
fertiliser requirement of this crop was not as meagre as on 
that of the other two. Most of it, however, refers to Gujarat, 
the traditional home for the cultivation of Isubgol : ..- but 
the agro-climate of Gujarat is very different from that 
of New Delhi (Chapter 2). The few trials undertaken in nearby 
Punjab (Sirohi et^  al. , 1968; Randhawa e;t al. 1978, 82) and 
Uttar Pradesh (Afridi- unpublished; Joshi et^  £l. 1968, Chandra, 
1981; Anonymous, 1984) having comparable environmental condi-
tions have, however, yielded conflicting results and necessita-
ted critical re-appraisal. Like the other two plants, the 
first experiment on this crop (Experiment 3), therefore, had 
to be planned as a simple but exhaustive NPK trial, selecting 
probable combinations of the three nutrients on the basis 
of the literature mentioned above. -
The data (Table 23) revealed that, for both seed yield 
and swelling factor, N.„P-„K.j, was the best among the combina-
tions tried. However, it may be added that ^00^40^40 Proved 
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equally effective for seed yield and ^40^20^40 ^^ well as 
N.rtPxnKor./ foi^  swelling factor. The explanation for the effect-40 40 20' ^ 
iveness of N.-,P.„K.„ was not far to seek. This combination 40 40 40 
proved optimum for most of the growth characteristics, 
including dry weight of root (Table 20)^length, fresh weight 
and dry weight of shoot (Table 21) and culm number (Table 
22) as well as for both yield components studied, i.e., spike 
length and spike number (Table 22). This NPK combination, 
therefore, seems to be the most balanced for the growth, yield 
and quality of Isubgol under the environmental conditions 
obtaining in New Delhi. 
A perusal of relevant literature (Chapter 2) would 
indicate that most workers deleted potassium from their studies 
on mineral requirements of Isubgol. However, in view of the 
low potassium status of the soil of the experimental farm 
at New Delhi (Table 1) the present > author "decided 
to resolve this problem of the potassium requirement of the 
crop unequivocally by undertaking a potassium trial, taking 
0, 20, 40, 60 and 80 kg K/ha and applying 40 kg each of nitrogen 
and phosphorus uniformly to maintain adequate quantities of 
these two nutrients, keeping in view the data of Experiment 3. 
The results were rather rewarding. The application of 40 kg K/ha, 
i.e., K.Q (at par with K^n^ proved the most effective for 
both seed yield and swelling factor (Table 40) with shoot 
fresh and dry weight (Table 38) and spike length and number 
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(Table 39) being the main contributors. Thus, in a way, the 
data not only confirmed the results of Experiments 3 but also 
established that, at least for soils low in potassium, the 
application of the nutrient is essential for successful commer-
cial cultivation of the crop. This is understandable in view 
of the varied roles of potassium in the uptake of other 
nutrients, water economy and general metabolic activities 
of plants as mentioned earlier on pp.10-11. 
In the last trial (Experiment 8), conducted at Aligarh, 
where the soil is rich in potassium (Table 1), K_„ (with N_^) 
was applied uniformly to the field. The aim of the trial was 
to test if economy of phosphatic fertiliser was possible by 
modifying the agronomic practices. Only half of the optimal 
dose of this input, i.e., 20 kg P/ha at sowing (^pnnK ^^^ 
supplemented by nominal doses (1, 2, and 4 kg P/ha) applied 
to the foliage (F-,, F _ and F . ) . The effect of foliar sprays 
was compared with that of supplemental top-dressing (10 or 
20 kg P/ha i.e. Tp^^ or T -n)' keeping the optimal dose i^pAn) 
of the last trial as the control. 
The data revealed that F _ (at par with F . ) had the 
best effect both on seed yield and swelling factor (Table 
47). This was made possible mainly by the contribution of 
root length (Table 44) and the length and number of spikes 
(Table 46). This means that a net saving of 16-18 kg P/ha 
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could be achieved for this crop. The reasons for the effec-
tiveness of foliar spray of phosphorus have already been given 
on p, 13 0 (Tukhm-e-balanga trial) and may be omitted here to 
avoid repetition. Thus, these two plants may be added for the 
first time to the list of crops responding to foliar application 
of phosphorus for assured economy of fertiliser together with 
enhanced yield and quality. 
CHAPTER 6 
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Chapter 6 
Suiranajry 
6.0 This chapter presents the summary of the entire work 
presented in the thesis. In all, eight field experiments 
were conducted. Six of these experiments were conducted at 
IHMMR, New Delhi and two at AMU, Aligarh. Experiments 1, 2 
and 3 on Ajowain, Tukhm-e-balanga and Isubgol respectively 
were laid out according to simple randomised block design 
in 1983-84 at New Delhi. Again^ Experiments 4, 5 and 6 on 
Ajowain, Tukhm-e-balanga and Isubgol respectively were conduc-
ted in 1984-85 at New Delhi. Among these. Experiments 4 and 
5 were planned according to factorial randomised block design 
and Experiment 6, according to simple randomised block design. 
The remaining two trials (Experiments 7 and 8) on Tukhm-e-
balanga and Isubgol respectively were conducted in 1986-87 
at Aligarh according to simple randomised block design. 
6.1 The first chapter introduces the topic emphasising 
the need for extensive research on cultivation of medicinal 
plants. Reasons for selecting the three plants, namely Ajowain 
(Carum copticum), Tukhm-e-balanga (Lallemantia royleana) 
and Isubgol (Plantago ovata) have been spelled out. An outline 
of the eight field experiments proposed to be undertaken 
has been given (Chapter 1). 
6.2 In the next chapter, the history of mineral nutrition 
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has been given. A brief critical review of the available 
literature on the effect of fertiliser doses (particularly 
of NPK) supplied through different modes of application (e.g. 
basal and foliar) so as to establish the advantages and effi-
cacy of these nutrients on vegetative growth, yield and quality 
of medicinal and aromatic plants has been given with special 
reference to the work done in our country (Chapter 2). 
6.3 In Chapter 3, the 'details of the material and metho-
dology used for conducting the eight field experiments have 
been explained. It includes the relevant meteorological and 
edaphic data of the two experimental sites (Table 1). 
6.4 The results obtained during these experiments and 
analysed statistically as per their design, were mostly found 
significant and have been given in detail in Chapter 4. These 
are summarised below experiment-wise. 
6.4.1 Experiment 1 (1*9 83-84) on Ajowain was laid out at 
New Delhi according to simple randomised block design to 
find out the optimal fertiliser dose of NPK out of ten applied 
doses,viz., NQP^QK^Q, N2QP40K40, N^QP^QK^Q, ^^QP^QK^^, N^Q^O^AO' 
^40^20^40' ^40^60^40' ^40^40^0' ^40^40^20 ^"^ ^40^40^60' 
The parameters selected for assessing the effect were root 
and shoot length, fresh and dry weight and number of branches 
per plant; number of umbels per branch, number of umbellets 
per umbel, seed yield, biological yield, oil yield and oil 
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content of seeds. The highlights of the significant results 
are summarised below. 
Maximum fresh weight and dry weight of root were 
found in ^^ 2^0^ 40^ 40 ^^'^ ^40^40^20 ^^^pectively. Maximum shoot 
length was produced in N,„P.„K.„ and fresh weight,in N-„P._K.-
(at par with N - ^ P . ^ K - Q ) . The highest number of branches was 
produced by N^QP^QK^Q (at par with N4o^60^40^-
Among the yield parameters, the highest number of 
umbels per branch was found in N,_P._K._ (at par with N.^P.^K.^) 
Similarly maximum number of umbellets per umbel was produced 
in N,QP.„K.Q (at par with ^40^60^40^" Seed yield was also 
maximum in N^^P^QK^Q (at par with N^o^40^40^* 
The oil yield and oil content of seed (oil percentage) 
were also maximum in N^_,P.„K.„ with N.„P,„K.„ statistically 
60 40 40 40 60 40 ^ 
equalling the effect on oil content of seed. 
N^QP.QK^Q was considered optimal among all treatments 
because of its best effect on seed production, the most impo-
rtant yield parameter and its contributing attributes. 
6.4.2 Experiment 2 (1983-84) on Tukhm-e-balanga was carried 
out at New Delhi according to simple randomised block design 
to determine the optimal fertiliser dose of NPK out of 
^^0^40^40' ^^20^40^40' ^ 40^40^40' ^60^40^40' ^40^0^40' ^^40^20^40' 
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^40^60^40' ^40^40^0' ^40^40^20 ^""^ ^40^40^60' ^^^ effects 
of these treatments were assessed on growth parameters, viz., 
root length, shoot length, fresh weight, dry weight and number 
of branches per plant; on yield parameters viz., number of 
buds per branch, seed yield, biological yield and on seed 
quality determined by the swelling factor. 
Among the significant effects, root length, fresh 
weight and dry weight were found to be affected optimally 
by treatment N.„P-„K._; but it was equalled by N.„P.„K_^. 
Maximum shoot length was produced in N. „P.p.K,p.. Maximum fresh 
and dry weight were given by N.^P^^K.„ which also produced 
the maximum number of branches per plant, with ^^40^40^20 
which showing equal effect. The number of buds per branch 
and seed yield was highest in N.„P,^K.„; but ^AQ^AQ^AQ ^^^ 
also found at" par in its effect on number of buds per branch. 
The quality parameter, i.e. swelling factor, was influenced 
most by ^AQ^an^AO with ^AQ^AQ^OQ P^^^^^'S ^^ par with it in 
this regard. 
Thus, in this experiment, treatment ^40^60^40 P^°"^^^ 
optimum for most of the parameters, including seed yield 
and other yield components as well as swelling factor. 
6.4.3 Experiment 3 (1983-84) on Isubgol was undertaken 
at New Delhi in simple randomised block design to find out 
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the optimal fertiliser dose of NPK out of nine applied doses, 
VIZ., NQPQKQ, N2QP2QK2Q, ^20^20^40' ^20^40^20' ^20^40^40' 
^40^20^20' ^40^20^40' ^40^40^20 "^^ ^ ^40^40^40' ^^^ effects 
of these treatments were noted on growth parameters, viz., 
root and shoot length, fresh weight, dry weight and number 
of culms per plant; on yield parameters, viz., number and 
length of spike, seed yield, biological yield and on seed 
quality assessed by determining the swelling factor. The 
following is a resume of the significant data. Maximum dry 
weight of root was noted in N.-.P.„K.„ which also produced 
longest shoots, with N.„P_„K_- and N.„P.„K__ proving at par 
with it. Treatment N.„P.„K.^ also gave highest shoot dry 
weight, culm number and spike number per plant; but N.^P.-K_„, 
^20^20^40' ^20^40^40 ^^^ ^40^20^20 "^'•^ ^ proved equally affec-
tive with regard to spike production. The longest spikes 
were noted in treatment N.„P.„K.p. (at par with '^40^40^20' 
NonP/mK^n "and N_^P.„K_„). The highest' seed yield was obtained 20 40 40 20 40 20 
in N^QP^QK^Q (at par with N 2 Q P 4 Q K ^ Q ) . And lastly , swelling 
factor was also influenced most favourably by N.„P.„K.„ which 
was, however, at par with, N.^P-^K.^ and H.^P.^K^^ in this 
regard. Considering the entire data, treatment N.p.P.„K._ 
proved optimum in this trial, because it had significant 
effect on most of the parameters including :3eed yield and 
enhanced them maximally. 
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6.4.4 Experiment 4 (1984-85) on Ajowain was carried out 
at New Delhi according to factorial randomised block design 
on the basis of data of Experiment 1 in which N,„P.-K.„ proved 
optimum for most of the growth, yield and quality parameters. 
In this experiment, three doses each of nitrogen and phosphorus 
(20, 40 and 50 kg/ha) were applied singly as well as in combi-
nation, keeping potassium uniform at 40 kg K/ha. The effect 
on the parameters studied earlier (Experiment 1) was again 
considered as the basis of response of the crop. The signifi-
cant data summarised below. 
Maximum root and shoot length was noted in N^„ while 
P.„ was optimum for shoot length only. The effect of N_„xP-j„ 
(at par with N2QXP.„) was found to be best suited for shoot 
length. Shoot fresh weight was maximum in N,„ (at par with 
Np„), in P.„ and in the interaction N. „xP.„ . Highest dry 
weight was in P-,_ (at par with P^^) and in the interaction 
N^^xP^^. Treatment N,^ (at par with N_„), P.^ and the intera-
ction N.„xP.„ produced maximum shoot dry weight. The number 
of branches per plant was highest in P.-^  (at par with P^Q) . 
Among the yield parameters . number of umbels per 
branch was highest in N,Q (at par with N.^), P^Q and N,QXP.Q 
(at par with N,_xPp„). Number of umbellets per umbel was 
noted to be maximum in Pp„ and N.„xP__. However, seed yield 
was highest in N „ (at par with N.„), P.^ and N,QXP ^ (at 
par with N , „ X P 2 Q ) . Treatment N,Q, P.„ (at par with P^Q ) and 
NgQxP (at par with N,„xP__) had best effect on oil yield 
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while, N,„, PgQ and Ngp.xP,Q proved optimum for oil content 
of seeds. 
N,„, P.^ and N^-xP.„ proved optimum dose in overall 
view because its effect was found best particularly on the 
parameters of economic importance, e.g. seed yield. 
6.4.5 Experiment 5 (1984-85) on Tukhm-e-balanga was laid 
out at New Delhi according to factorial randomised block 
design in the light of the data of Experiment 2 in which 
treatment N._P,(^K.„ had proved optimum for most of the para-
meters. In the present experiment three doses each of nitrogen 
and phosphorus (40, 60 and 80 kg/ha) were applied basally, 
keeping potassium uniform at 40 kg K/ha. The same parameters 
were taken into account for determining the performance of 
the crop as were selected in Experiment 2. The significant 
effects of nitrogen and phosphorus alone as well as in combi-
nation are condensed below. 
P^^ alone and the interaction N.^xP.„ proved best 
for root length. Root fresh weight was maximum in NOQ, P^ -^ , 
and in the interaction Ng^xP, . Root dry weight was highest 
in No^ (at par with N _) and as a result of the interaction 
N.^xP,Q (at par with Ng^xP,-). Shoot length was noted to 
be maximum in Pg^ (at par with P ^ A ) - Ng„ and Po„ separately 
and their interaction (Ng_xPg„) proved optimum for shoot 
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fresh weight; but shoot dry weight was highest in No„ and 
NggXPgQ (at par with N^QXPOQ) interaction. Number of branches 
per plant were increased most by NOQ-
Among yield parameters, number of buds per branch 
was maximum in No--,, Pon (^ t par with P^ ,^) and Nj^ x^Po,-, (at 
par with N.-.xP__ and No„xP.„). Seed yield was highest in 
N,„ and in the interaction N--,xP.„ (at par with N-„xP,„). 60 50 40 50 50 
Total production (biological yield) was noted to be highest 
in N^„, P,« (at par with P^Q) and in their interaction N,„xPg„, 
Swelling factor of seed was found to be highest in N,„ and 
Hence, on the basis of seed yield, it may be concluded 
that treatment N,„xP.„ proved optimum for this crop. 
6.4.6 Experiment 6 (1984-85) on Isubgol was conducted at 
New Delhi according to simple randomised block design in 
the light of the f indingsofExperiment 3, in which treatment 
N.^P.„K.^ proved optimum for most of the parameters studied. 
It was planned to determine the necessity or otherwise of 
applying potassium to the soil as most workers do not recommend 
it for the cultivation of Isubgol. Keeping applied nitrogen 
and phosphorus uniform, potassium was applied at various 
levels between 0 and 80 kg K/ha. The same growth, yield and 
quality parameters were studied as in Experiment 3. The signi-
ficant data recorded are presented briefly below. 
/ 
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Dry weight of root and length, fresh weight and dry-
weight of shoot were maximum in Ko„ (at par with K. ^  and 
K,„). Culm number per plant was noted maximum in Ko_ (at 
par with K,„). Yield parameters, viz., spike number, were 
highest in K.- (at par with Kg^) and longest spikes were 
also noted in K.^ .. Seed yield and swelling factor were found 
maximum in K.„ (at par with K 2 Q ) . 
To conclude, K_^ and K. „ proved equally efficient 
for Isubgol cultivation at New Delhi. 
6.4.7 Experiment 7 (1986-87) on Tukhm-e-balanga was carried 
out at Aligarh according to simple randomised block design 
to ascertain the enhancement in yield and quality by supple-
mental application of phosphorus (foliar or top-dressing). 
This experiment was conducted on the basis of the data of 
previous two trials (Experiments 2 and 5) on Tukhm-e-balanga 
in which treatment N.„Pg„K.Q and Ng„xP.„ had proved optimum. 
A total of seven levels of combinations of phosphorus were 
tried. The same, already discussed parameters were studied 
and significant data are summarised below. 
Fresh weight was maximum in B p„ + Fp. (at par with 
Eppj^  + Fp^). Shoot length was highest in p^20'*"'^ PlO ^^^ ^^""^  
with ^ 2 0 + ^ . ) and fresh weight in B 2Q + Fp2 (at par with 
B 2„ + F . ). Dry weight of shoot was found to be maximum in 
Bp2Q + Fp2 (at par with Bp2o'*''^ plO ^' '^^^ number of branches 
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per plant was increased most by treatment B __ + F _ (at par 
with B _„+T^_). Among the yield parameters, number of buds 
per branch was noted to be highest in B -n + F . . Seed yield 
was highest in Bp2o + Fp4 (^^ P^^ ^i^h Bp2o + Fp2, Bp^^ + F^, and 
Bp2Q+F^). Treatment Bp2Q+Fp2 (at par with Bp2Q+Tp^Q) gave 
the maximum biological yield. Swelling factor was increased 
most by Bp2Q+Fp^ (at par with Bp2Q+Fp2). 
In overall view, treatment B _„+Fp_ proved optimum 
for this trial. 
6.4.8 Experiment 8 (1986-87) on Isubgol was laid out at 
Aligarh according to simple randomised block design to deter-
mine the effect of supplemental phosphorus application through 
foliar spray of top-dressing. As in Experiment 7, this experi-
ment was performed after analysing the data of the previous 
two trials (Experiments 3 and 6) on Isubgol. A total of seven 
combinations of treatments were tried. The same parameters 
were studied to assess the response as were selected in Experi-
ments 3 and 6. The significant effect of supplementally applied 
phosphorus are summarised below. 
Maximum shoot length was noted in B _„ + F . (at par 
with Bp2o-^Tp2o, Bp2oTp^Q and Bp2o + Fp2). Root dry weight was 
highest in Bp2Q+T^Q (at par with Bp2Q+Tp2Q). Longest shoots 
were noticed in B +T -Q (^ t par with Bp2Q+Tp,Q) and heaviest 
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shoots, in Bp2Q+Fp^ (at par with Bp^Q+Tp^^ and Bp2Q+Tp2Q). 
Treatment Bp2Q + Tp2Q (at par with Bp2Q + T^„) enhanced the 
shoot dry weight most. Culm number was highest in Bp_-+Fp. 
(at par with Bp2Q+Tp^Q). 
Among yield parameters, spike number and length were 
maximum in B -Q + F _• Seed yield was also highest in '^p2Ci'^^P2 
(at par with Bp-Q+Fp.). The quality parameter (swelling factor) 
was increased most by treatment Bp-Q+Fp^ (at par with Bp2Q+Fp. 
and Bp2o+Tp3^Q). 
It may, therefore, be concluded that foliar spray 
of 2 kg/ha of phosphorus in treatment (Bp-^+Fp-) proved optimum 
for this trial. 
To conclude, the author wishes to claim that new and 
original contributions to the knowledge of scientific culti-
vation, growth, development, yield and quality improvement 
of Carum copticum, Lallemantia royleana and Plantago ovata 
have been presented in this thesis. The salient features of 
the additions to our knowledge are condensed below crop-wise: 
I Carum copticum (Ajowain) 
1. Ajowain showed luxuriant growth in the New Delhi region. 
2. Sowing it as a rabi (winter) crop on 24th October, 
at the rate of 5 kg seeds/ha and applying 60 kg nitrogen, 
40 kg phosphorus and 40 kg potassium/ha ('^50^40^40^ 
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basally at sowing, proved optimum for the crop. These 
results may, therefore, be considered for being reco-
mmended to local farmers. 
II Lallemantia royleana (Tukhm-e-balanga) 
3. L. royleana was also observed to grow luxuriantly in 
New Delhi and Aligarh region (western Uttar Pradesh) 
for the first time. To the best of knowledge of the 
present author, it is the first attempt to cultivate 
the plant on scientific lines. This pioneer work, there-
fore, merits recognition. 
4. Treatment N^pPg^K^Q being at par with ^^QP^QK^Q, proved 
optimum for the agro-climate of New Delhi for almost 
all the parameters including seed yield and swelling 
factor. In the foliar trial conducted at Aligarh, spray 
of .2 kg P/ha proved most beneficial in the presence 
of 60 kg N, 20 kg P and 20 kg K/ha (BN60+P20+K20^ applied 
• ••-•basally at the time of sowing. This substantial economy 
of phosphatic fertiliser (18 kg P/ha), coupled with 
enhanced seed yield and quality, is expected to be 
welcome both to the farmers and consumers. 
III Plantago ovata Forsk. (Isubgol) 
5. P. ovata was cultivated for the first time in New Delhi. 
It was also found to thrive very well in New Delhi 
(as well as at Aligarh where it has already been intro-
duced). Treatment N^QP^QK^Q proved best at New Delhi 
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for ensuring highest seed yield and quality. 
6. Because of the low potassium status of New Delhi soil, 
application of 40 kg K/ha (plus 40 kg N and 40 kg P/ha) 
proved highly beneficial for this crop, although K 
is not generally recommended by other workers. In 
view of the balanced nutritional requirement of plants, 
it is, therefore, considered essential that the 
potassium status of the soil be checked before sowing 
the crop and the nutrient be applied in low K soils 
to ensure maximum returns. 
7. Foliar spray of 2 kg P/ha on plants grown at Aligarh 
with 20 kg N, 20 kg P and 20 kg K/ha applied bassally 
at sowing (^ M2o + p:?n+K7n ^  proved optimum for the crop 
particularly from the point of view of seed yield and 
swelling factor. This would result in a net saving 
of at least 18 kg P/ha as in the case of IJ. royleana 
noted above. 
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